WO 2007/007098 PCT/GB2006/002577 1 PROMOTION OF EPITHELIAL
wO RiEGENERATION. The present invention relates to the manutacikypemb/ 002577
medicaments for the promotion of epithelial regeneration. It also provides
a method of promoting epithelial regeneration in an individual in need of
such promotion. The body comprises many different types of epithelia, the
structures and complexity of which vary depending on their location, role,
and function. Thewigst biadhe $HrmigiapthBiLnR RGRAERWIE @pithelium,
which comprises a single layer of epithelial cells. An example of a form of

simple epithelium is simple squamous epithelium, which comprises a
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epitHendrticrmdncerad At each wermatiohlayers, and the cells of different
layers may vary in size, shape and function. Stratified epithelia may be
further characterised with reference to the type of cells located at their
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comprising stratified squamous epithelia may vary with different locations
within the epithelium. Whilst cells located at the upper surface of the
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Another common form of epithelium is the stratified epithelium. This comprises a
series of layers, and the cells of different layers may vary in size, shape and function.

Stratified epithelia may be further characterised with reference to the type of cells
located at their surface.

By way of example, stratified squamous epithelia have scale-like {squamous) cells
located at their surface. The shape of the cells comprising stratified squamous
epithelia may vary with different locations within the epithelium. Whilst cells Iocated
at the upper surface of the epithelium generally have a flattened scale-like
conformation, those towards the base of the epithelium may tend to have a polyhedral
shape. Epithelial cells may be structurally fortified by the presence of keratin, and the
quantity of this molecule present tends to increase with increasing height within the
epithelia. Stratified squamous epithelia typically comprise several layers of keratin-

containing cells. The types of keratin molecule present may vary by both cell layer
and body site.



2 The most prominent of the body's epithelia is the epidermis, the stratified
WO Ianvees epithelial layer that covers the skin. The epidernigiyBasta®as77
its location, is the tissue most frequently in contact with the external
environment, and as a result is the tissie most frequently exposed to
environmental, and other, damage. Further examples of stratified epithelia
jﬁ%urglesgratified coILg%nar epithelia, and stratified ciliated columnar
epltheﬂa, PRV § osErathaliarisdirs snidemhisn tar strabgbsquamous
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Accordingly the promotion of epithelial regeneration is’advarntageous in
many different contexts. However, despite the desirability of the
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epkirg doofbesapik providedtlyiusedinasnmote epithelial regeneration.

For example, the management of split thickness skin graft donor sites (as
reviewed in Rakel et al. 1998) may merely involve leaving the graft donor
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Furthermore, it is well recognised that there are many failings and

,I%isadyantages associated with current
ere 15 sigmficant variation in the range of therapies currently used to promote

epithelial regeneration. For example, the management of split thickness skin graft donor
sites (as reviewed in Rakel ef al. 1998) may merely involve leaving the graft donor site
exposed and untreated, or may alternatively make use of treatments such as the
application of dressings (typically gauze dressings, which may be used alone or
mmpregnated with a variety of anti-infective agents, alginates, hydrocolloids, synthetic
composite membranes, transparent films or honey), application of artificial skin (which
may be generated from the individuals own epidermis), application of allografts
(typically bovine or porcine allografts) or application of ointments (typically ointments

containing sitver based compounds as anti-infective agents).

This absence of a single universally accepted therapy is indicative of the need for
novel methods by which epithelial regeneration may be promoted. Furthermore, it is

well recognised that there are many failings and disadvantages associated with current

therapies.



therapies. J The adverse effects associated with current treatments
include protracted healing times at the graft donor and/or recipient sites,
the development of replacement epithelium that may be rougher and/or
thinner than that originally present, increased rates of infection, edema
and erythema, hypertrophic scarring around the treatment site, risk of
prion or viral infection from allograft material, the length of time taken to
generate the treatment (in the case of artificial skin generation from the
patients own cells) and pain associated with both donor and recipient
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for the promotion of epithelial regeneration that overcome at least some
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the manufacture of a medicament for the promotion of epiderma
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activity in the manufacture of a medicament for the promotionof epithelial
regSHETAIRORS TRaUAGBNA Mg o mFiaishikjsayeprusar Siom e patients own
selegierbflomiheroMRGIMMINING TG 32 Biplaaically active

fragments, variants and derivatives of TGF- (33, and substances able to
promote and/or mimic the biological activity of TGF-(33. The promotion of

epithglial segeneralopvithindbe.aentexpRithe gé%kﬁé@&ﬂ@%fs%r the promotion

understood.to encompass any increase in the rate of epithelia

redBrFETHIRO 48 CeRmtibare b ANT FRE e raRT P ORE LTIk Risadvantages associated
com&{@iﬂﬁ@@m @ untreated epithelium. The rate of epithelial regeneration
attained by methods in accordance with the 3a disclosure may readily be
compared with that taking place in control-treated or untreated epithelia

usingeanisuitaiedpedahelapitislirliegenamation !é%%@z{oiﬁéef@ﬁ;ﬁg%ﬁvity in
example, the rate at which sites of experimental epithelial damage having
the manutacture of a medicament for the promotion of epidermal regeneration of a

young and/or healthy human patient.

In one embodiment, there is disclosed the use of an agent having TGF-B; activity in

the manufacture of a medicament for the promotion of epithelial regeneration.

The agent having TGF-f; activity may preferably be selected from the group
comprising TGF-f, biologically active fragments, variants and derivatives of TGF- B,

and substances able to promote and/or mimic the biological activity of TGF-pa.
The promotion of epithelial regeneration within the context of the disclosure may be
understood to encompass any increase in the rate of epithelial regeneration as

compared to the regeneration occurring in a control-ireated or untreated epithelium.

The rate of epithelial regeneration atiained by methods in accordance with the



known areas regenerate may be compared using well known in vivo

models in mice, rats, rabbits or pigs such as those described in

Tomlinson and Ferguson (2003), Davidson et al. (1991) and Paddock et

al (2003). 4 In one embodiment, there is disclosed a method of promoting
epithelial regeneration, the method compyising administering a

therapeutically effective amount of an agent having TGF-(i3 activity to a
subject in need of such promotion. In relation to this embodiment a
"therapeutically effective amount of an agent having TGF-(33 activity" is

an ARRINEOLAY 396ty NBYIRenTERd 33 @c vty et dS SUEACIENt &R0l treated or
promote epithelial regeneration in the subject to whom the amount is ‘
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environment than any other tissue in the body. It is therefore highly o
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epidermisibe ablgite hadnfluencad in-ardeEd0ie NEMRIEREH MR N (2003),
functional effectiveness. Indeed, although the methods and medicaments
of VideRIELHrd [EY samdbrdderkise 3 fon of epithelial regeneration
in all types of epithelia, and have been effective in all epithelia tested, the
promotion of epidermal regeneration constitutes a particularly preferred
application of the invention. Other preferred embodiments include the
promotion of squarnous epithelial regeneration, and/or the promotion of
keratinised epithelial regeneration. It will be appreciated that the methods
and medicaments of the invention may be of benefit to the epidermis
covering the scalp. The promotion of epithelial regeneration in accordance
with the disclosure is able to bring about the formation of a functioning
epithelial barrier over previously damaged or denuded areas. The
epithelial barrier formed is able to prevent ingress into, and colonisation
of, the underlying tissue by pathogens such as bacteria, fungi and viruses.
Thus the promotion of epithelial regeneration may provide benefits in
contexts in which it is desirable to prevent or reduce infection at sites
where the epithelial layer



has been breached. WO 2007/007098 PCT/GB2006/002577 5 The

presence of an intact epithelial layer also acts as a barrier to fluid

movement, and is therefore able to prevent desiccation of underlying

tissue. Thus promotion of epithelial regeneration is able to prevent or

reduce tissue desiccation arising as a regult of fluid loss across a

damaged or otherwise breached epithelial layer. The present invention is
based on the very surprising finding that epithelial regeneration may be
stimulated by the provision of the cytokine TGF-(33, or an agent that
sharesmthenebaackerishisiolpgicatacivneh TF Ef&ﬁ%uﬁg EsRRdMNCeneration,
exist in three mammalian isofonns, TGF-(31, TGF-(32 and 'PGF-(33) Rave
preélfolisies sATIRS SIS 46THPIBR B ithBraTeyEatanBacteeamnibitor an agent
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both in vitro and in vivo assays. Studies of the effects of TGF-(3 isoforms

on cultured keratinocytes (cutaneous epithelial cells) have suggested

that; altheuoh TaFe3Hseaime IRSFGRMES IR AHROGYIEE BT G3SIRA having

integrins associated with migration, the rate of keratinocyte proliferation,
whichiPhacsesar @ EpRIBTRARPERE aoRe E@hrisiaciaily thaidgcaficient to
TGhoBomegiateskinbiRitionphepithelabcelprofiferation e a8 d dlinistered.

epithelial regeneration has also been reported using in vivo studies.
Although the reported inhibitory effects of TGF-(3 are exhibited by.all

isofermsedgrevareslitterensasindbadelaive-pRignaie s atdha IEeRRL frequent,

isoforms. Studies have shown that TGF-(33 is the most potent of the
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do either TGF-$1 or TGF-02. In addition to studies using cultured cells, a

nutHBRSf i OB iR Shabls fechnapinenssdifyardatel, ermsm Jshoamemun

COrnREitEs efenaticdechariopiestodisrypt the a3 Signadliliffhents of the
pa?ti?w y. These studies have further suggested that TGF-(3s, and
paftieubIHEF TEF SRR hii: Bpitlomtiegeterattbplial regeneration in all types of

epithelia, and have been effective in all epithelia tested, the promotion of epidermal
regeneration constitutes a particularly preferred application of the invention. Other
preferred embodiments include the promotion of squamous epithelial regeneration,
and/or the promotion of keratinised epithelial regeneration. It will be appreciated that
the methods and medicaments of the invention may be of benefit to the epidermis

covering the scalp.

The promotion of epithelial regeneration in accordance with the disclosure is able to
bring about the formation of a functioning epithelial barrier over previously damaged
or denuded areas. The epithelial barrier formed is able to prevent ingress into, and
colonisation of, the underlying tissue by pathogens such as bacteria, fungi and viruses.
Thus the promotion of epithelial regeneration may provide benefits in contexts in
which it is desirable to prevent or reduce infection at sites where the epithelial laver

has been breached.
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wppilihedeseports, the inventors of the present application hawemeB2eos/602577

discovered that the application of an agent having TGF-r33 activity to an
epithelial tissue before or after damage tg that tissue is able to promote

the regeneration of the epithelial layer, rather than inhibiting such

regeneration. Without wishing to be bound by any hypothesis the
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appreciated that promotion of epithelial regeneration in accordance with
the invention may be of use to induce effective re-epithelialisation. in
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- depagRal tBELE A many contexts in which the body's re-epithelialisation
reSponse may be defective. For example, defective re-epithelialisation in

the skin is associated with conditions such as pemphigus, Hailey-Hailey
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efective re-epithelialisation of the gastrointestinal tract or colon may be
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aSSEIREYY
uteduatde CAIUE-P-leanrd ASEBRRAY Apfhelial cell proliferation required for

epithelial regeneration has also been reported using in vivo studies,

Although the reported inhibitory effects of TGF-p are exhibited by_éll isoforms there
are differences in the relative potencies of the different isoforms. Studies have shown
that TGF-B; is the most potent of the isoforms in its ability to inhibit DNA synthesis

and proliferation in primary cultures of human keratinocytes, bringing about stronger
inhibition than do either TGE-, or TGF-8,. |

In addition to studies using cultured cells, a number of ir vivo studies have recently
been undertaken, utilising specific compounds or genetic technologies to disrupt the
TGF-B signalling pathway, These studies have further suggested that TGF-Bs, and
particujarly TGF-fs, inhibit epithelial regeneration. '



inflammatory bowel disorders. The process of re-epithelialisation in

whespoRsRde dermal injuries may also be perturbed in many i@@y}@%}}%ﬁmozsw

For example, it is well known that dermal injuries in WO 2007/007098
PCT/GB2006/002577 7 the aged exhibifless-vigorous epithelial

regeneration than do those of younger individuals. There are also many

other conditions or disorders that are associated with delayed or
otieitnSasiHp irct Epftheliarsblisrmdr atiunti tesporatote bty prédent application
examPieRaticniswith gliabgte tients with polypharmacy ljgfor example,

as a result of old age), ?ﬁgﬂﬁgﬁgﬁ%@%ﬁg&ﬁ&%%%%&% SEhaptetiyity to an
presdgtiinfistes (heforsxampi@qachptenicsi patientssvithivepoes WisgAsRete the
clipically.abese patie tients receiving chemotherapy, patients . )
recg%\%ng radiothera;é)]/,gggt%elﬁlt‘gerrééaé{li\}?ﬁgﬁ %é?g%%{%ﬁ%’yﬁt’@gmeraﬁon' Without
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r i uch cases.t of a proper epithelia o
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the formation of chronic wounds . such as ulcers. Accordingly,
R A IR SRty inomore rabdty tan

nesdizamehtsabithecinfeption killibg Dipepefitfoisych patients. Without -
detracting from the above, it may generally be preferred that promotion of
epithelial regeneration in accordance with the invention may be effected in

otferiidhcoagreit lmmagﬁs_i?@mmmmﬁaﬂsnm eRBaNeA &%J&R{Qfﬂlélé%th the
. al_gpithelial regeneration response than would normally
SHERT I eyl e it el
sirs @i@pmm*iéiedaﬁiaﬂ;&ﬁmdnmr?@ﬂ&@t?}ﬁﬁ%&h@@%}ﬂtﬁgﬁﬁ%ﬁﬁmﬁy%onse is
i 0 at re. rapidly. Much experimental and researc _
eqf%?%%%% bili(?{egh8 %g%eﬁﬁgrg %%n Peoléilleeﬁ‘f‘(ﬁsceat% CERE deTiIBERENntbAs particularly
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impaired. %Tov%eé\%ggﬁéghgv;{g% cngfe pg‘ilsgntgsﬁgvﬁg a8 nBY SRS o ifRfFairépormal
rePébRHalEEsaRsHtion responses in patients suffering from epithelial damage.

There are many contexts in which the body’s re-epithelialisation response may be
defective. For example, defective re-epithelialisation in the skin is associated with
- conditions such as 'pemﬁhigus, Hailey-Hailey disease (familial benign pemphigus),
toxic epidermal necrolysis (TEN)/Lyell’s syndrome, epidermolysis bullosa, cutaneous
leishmaniasis and actinic keratosis. Defective re-epithelialisation of the lungs may be
associated with idiopathic pulmonary fibrosis (IPF) or interstitial lung disease.
Defective re-epithelialisation of the eye may be associated with conditions such as
partial limbal stem cell deficiency or comeal erosions. Defective re-epithelialisation
of the gastrointestinal tract or colon may be associated with conditions such as

chronic anal fissures (fissure in ano), ulcerative coliis or Crohn’s disease, and other

inflammatory bowel disorders.

The process of re-epithelialisation in response to dermal injuries may also be

perturbed in many individuals. For example, it is well known that dermal injuries in



constitutes a greater number of the total population covered by the

wdhearkgages services, and a far larger proportion of the workingdRooua6& 002577

The skilled person will immediately appreciate, therefore, that there is a

great benefit to be gained by society from the development of therapeutic

agents and techniques that can address the needs of these otherwise

healthy patients. Accordingly, the promotion of epithelial regeneration in

hé&itragphtixitbit éemeﬁgmmmﬂuﬁmmagéaﬂraﬁmctﬁ@f the ﬂ[@ﬁﬁr&?‘ younger
; 07 0061002577 8 invention. The promotion o
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PRKRASAES PhARGD" invention,.a ehronjc wound may be defined as

anilO Woun% thatt dfggﬁ ?&%ﬁé}w%gﬁ‘;@%%éa‘i‘fﬁg e(gggqﬁ%r)fnva\y?%i Oéiﬁﬁ?%%?ékis a result
offoPidatith WhENReIsEeNt approprisesicos\entionil)dHerapestie: injuries (for
tregdmsrat ie : | : erthan,.a chronic wound. .
Preferred %%%%e v%%ﬁﬁ?ﬁ%&%%ﬁ%ﬁ%%g ’ciél,lglfc\?\}isfc%bgﬁ?@%%?n{s" patients
TGRSR FEGMheran heratisatt cisrelyngretulietigrpyp pRibtiie idcsidhe steroid
ag¢heRRIdS MiSAMLEOsIERSRENAIIHN; IGRRI0 famage as g L s
result of many different tﬁﬁts of insgﬁ?r%%%ﬁﬁﬁgy, oerrex%rrrll"lf) ep %568 epithelial

e ERPEAan  JB Rt cartsdbndask infuriesonehiatithebieide grazeison response
absagibagoURdsielhpReResRing WO ds @RdNonPeRetaling rafga}rdation of

Wﬁ%’nds , surgical incisjons, and other surgical procedures (particular
parti

BrtimakRasnd herline femnssssthal mayHeaskia)thetformutiguhifichaxgeprounds

fmuw?h&mﬂb&&omﬁé&bf@ﬁlg'lﬁﬁimrW@?pﬁl‘l&Xe@@d%ﬁ%ﬁEﬁgi&P nglude by the
tissiﬁ% amage _esultgi%%from exposure to either high orlow temperature,
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have found that the medicaments and methods of the invention are

pggtj[%ulagrlg effective.in the promotion of epithelial regeneration in
reSPORBE {8t IO JBE shevexsnpitcsenstalitibel amsfetubstitmmotion of

ingpitieelitd t8geplkintion WhighdhRRiidemnigis idomagatni Ml RAWAYETRE der o
appreci ted that the methods of .
gment an ongoing re-epithelialisation response (i.c. to produce a greater maximal
epithelial regeneration response than would normally be achieved without promofion).
It will be appreciated that in this way sites of epithelial démage occurring in otherwise

healthy subjects may be induced to regenerate more rapidly.

Much experimental and research effort has been expended on the identification and
development of therapéutic‘ agents and techniques that may be used to promote
epithelial regenération in those for whom the re-epithelialisation response is impaired.
However, the group of patients who do not suffer from impaired re-epithelialisation
constitutes a greater number of the total population covered by the healthcare
services, and a far larger proportion of the working populace. The skilled person will
immediately appreciate, therefore, that there is a great benefit to be gained by society
from the development of therapeutic agents and techniques that can address the needs
of these otherwise healthy patients. Accordingly, the promotion of epithelial

regeneration in healthy patients is a preferred embodiment of all aspects of the present



the invention may also be applicable to other types of injury and wounds

woORGRgognjury, damage or trauma to epithelia such as the respwatotvsr002577

epithelia, or those surrounding internal tissues or organs. The epithelium
regeneration of which is to be promotedgmay be an epithelium other than

.a digestive epithelium. For instance the epithelium may be other than the
intestinal or gastrointestinal epithelium. It is recognised that epithelial
davrErand partkstratios pidereratitieid e tives wfingufeomdduts @aypposed to
exignd ovenaistiareas ot andndivi o afflicted. As a result burn. .

injuries are par%?:%larly s%sgggp%éé{%ggg%lp éé)t%aerll?sas %%Saos YR SRR AR
desiccation WO 2007/007098 PCT/GB2006/002577 9 that arise due to

lacl of & fungtional epjthgliallay rdingly, the promotion of
epitheliallgregjﬂ%neration ing res%on%%é%g%%ma am%né% ‘r%%lr%cgéﬁ?%/ }%r(&%ﬂ%jdas any
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hands. Consequently the promotion of épﬁ%e %%lreg%(%g%at%ﬁya?’ Sités particularly
wheleredse@ERired to improve the cosmetic appearance of the damaged

area represents a preferred embodiment of the invention. Damage to

epithelia may also arise as a result of the action of pathogens (such as
bﬁﬂ@?&%ﬁﬁ& B e by redeniicarinal s lsdimasnuehnicablotiis damage as a
CRLERbPINGAYSIEAGANS @ Srrough the affeet %a%y,t%%a&&gg%s SYHNER4 as a
those employed in chemotherapy) or as a result of radiation damage

(EHMET PhrBRGHeph It O BTBtieh Which dnciikigaredesaatismidrnss uotuads (both
gpenenaagiaiomadtrayiolabraplatemist Nie) SUERAS NGRSO ha  other
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i Reirs ksl dmanial Hhiskrsssnaastiseobinsass strelctivelye skin),
iftaibed thetabevextpntion eheRieXiSontext requires otherwise, may be considered

to include tissue damage resulting from exposure to either high or low temperature,

chemical agents or radiation), and other forms of trauma.

The inventors have found that the medicaments and methods of the invention are
particularly effective in the promotion of epithelial regeneration in response to
 injuries. These are exemplified, a particularly of benefit to, injuries to the skin, in
which the epidermis is damaged. Tt will however be appreciated that the methods of
the invention may also be applicable to other types of injury and wounds including
injury, damage or trauma to epithelia such as the respiratory epithelia, or those
surrounding internal tissues or organs. The epithelium regeneration of which is to be
promoted may be an epithelium other than a digestive gpithelium. For instance the

epithelium may be other than the intestinal or gastrointestinal epiﬂiehum.

It is recognised that epithelial damage, and particularly epidermal damage, resulting
from burns may extend over great areas of an individual so afflicted. As a result bumn

injuries are particularly susceptible to complications such as infection and desiccation



It will be appreciated that many of the same considerations that arise in

wdelRtipnimsepithelial damage in humans can also be problemagtigineihgloo2577
animals, particularly veterinary or domestic animals (e.g. horses, cattle,

dogs, cats etc). Thus the methods of thgjinvention may also be applicable
to non-human animals. The use of agents having TGF-j33 activity to ‘
promote epithelial regeneration in response to damage associated with

offith eRiseghiiogasio o dufes-tispralsepithelizn s e heoRONE: mhgfghﬁnoﬁon of
iRyeINion; Eﬂ%gﬁgllé%gqmg%g) Qgguiing as result of skin grafts can be
)

clinically problematic, in addition to cOSMmetic Considaratons: weferred application
OHEOBRCT/GB2006/002577 10 Epithelial regeneration is of
benefit both at the epithelial graft donor site, where it aids in the
re-establishment of a functional epithelial layer, and also at the recipient
s"EB‘S\HF@F@%eéﬁemﬁbmﬁ ammemﬁpm\iexammfmmkeraie mf@@ﬁﬁ@?xﬁj injuries,
tlﬁg@gf%@d{%qg -ggﬁlﬁ' e '@, Lo ration_at graft recipient sites is also
advantageous in Fﬁe case o# gr%?tigl u%hgir?gss%ﬁ%ca?ﬁﬁ f:i?@%’f‘n,‘% kifured area.
SBEBRiecomsilastionsorepitpliskrsgene ratioheatdpilhatal geaftdeneerticularly
sitasrdepiBREEE dhgikpe,daken.to ungtioning epitheligl layer,
anﬁdﬁonsequently re(%ces the So_t%ntlai %(I)ﬂf 8%9 rsgl%% ?r]ﬁ%ét?gn? ¢e, neck and
ISt rsemmsiiathegprranstion atfocisbebiabesgineidtinnest ofites where it is
M@ﬁ&mgﬁbaﬂﬂlﬂgsyqpéegggg%ﬂhﬁ%x Qthenwise ogccur at the donor
site, It is preferred that the epithelia graftsnareogg%grr%%?}(’ﬁﬁé) T doHiaents a
REHHaER sPotimerbat dhedmranddnvention have utility in promoting

epithelial regeneration in the contexts of both full and partial thickness

in r;)aft . Such skin grafts (i.e._either full or partial thickness grafts) may
Sléag%feer ?%&ﬁ%&%rﬁﬁ%é@?e@?%éﬁrﬂé%ﬁsﬁé@é fistind thptteogens (such as

regeriecfonghsenicased aotiaiacPRitheliaklareidsnalsna _Eﬂﬁ}fgéﬁused by caustic
% rtm|n(|)ggt£r}eud gr%e of amg}%somate ‘with sites at which the

epithelium has b&en Srrf’a%é’a re‘?ﬁwgii%cstﬁjéﬁgﬁs g6k dsndheseseiployed in
Isheproiinating epitieiisisgenesdtinnatReksiteHibisnassR 5.3 LU, diation

n . . .

t&e&@&tromagnehc radiation such as gamma radiation, ultraviolet radiation, or the
like) such as that occurring in sunburn. Promotion of epithelial regeneration using
methods and medicaments in accordance with the invention may be utilised

effectively in all of the above-mentioned contexts,

It'will be appreciated that many of the same considerations that arise in relation to
epithelial damage in humans can also be problematic in’ other animals, particularly

veterinary or domestic animals (e.g. horses, cattle, dogs, cats etc). Thus the methods

of the invention may also be applicable to non-human animals,

The use of agents having TGF-B; activity to promote epithelial regeneration in
response to damage associated with epithelial grafting procedures represents a
preferred embodiment of the invention. Epithelial damage occurring as a result of skin

grafis can be clinically problematic, in addition to cosmetic considerations.



associated with, for example, the taking of skin grafts. A further advantage
w@b@romaiign of epithelial regeneration at epithelial donor sitegds/thedotldigozs77

decreases the time required until re-harvesting of tissue from the donor

site can take place. By re-harvesting is ggeant the subsequent removal of

further epithelial tissue from a previously used donor site. This is

particularly advantageous in situations where the skin available for

h&wRidkelin] Tsannmed amis/of Beaciicotf ekihe raytietidltorbl darvestiedhiere it aids |

leggenErapiBEahaye N SIIUALIARSINF IR, 06 5AF b IS NECEsSAY |+ o
to take grafts from children and/or patiéﬂrits %%E%ﬁg%r\%%eghsr%satgggéﬁ% rent site
a‘an}Efé BRETEAERGE &t thleHe dprinfacdne2ea00eedion of the grafied tissue,

PEPitted0RGGRERT0h HlATCRGINEI R @Hﬂ@é&@ﬂﬁé&h&'{a’ gation . of grafts
there is provided a method of preparing an epithelial gra donor site for
rePaFRECHHG: IElinsisipcahibsmMy SiwAistering to an epithelial donor
site in need of such preparation a therapeutically effective amount of an.

i?}ﬁnt having TGF-(33 activity. In the context of this aspect of the
inVeRtiana Ahepypslitl-sgrasratinnet amitislias sinthdrountsstadeagemsts the time
haakiey (HGEstNS AetivEcaECBNh NN RINAtE, GRS jon.t ;
s%crh f?n extent that further_epithelial grafts’may Eaé%%agl{lg%gfggr%%?eg %o%grp otential
Si

- BT RS Ipretiad thak theomeRidnsi R apithalisd tegenateion siteislecreases
suftiziently wUsheses 0,040 d SaresHD g W %5‘9 SRARE 8B at the donor

ungertaken by a competent physician, and that such a person will have
alcBss to a wealth of guidance, both by way of relevant texts and their

own experience, to indicate how soon such re-harvesting may normally
b unde%%take without the benefit of preparation in accordance with the

AR el FOHER IR} S5 (R SREBracissimbEesfinellie methods and
regatieraiion WOUGHnebeMNHARIRRIE DAY PR TGS ARIMLY MBS Hon ;
eg‘éerﬁteqsusijg TGFE:133 itself biologicaiﬁgg??ﬁve fraégfipents_, variants gﬁgn m the
deérnvatives E?t%i‘ulﬁl 1 dhigkness R #5250 Peimeratsiies. either full
biuipgitial Aetvityse bTREERE3 bS eitable-Riglegisalinactivesfragments,
variants and derivatives of TGF-133 may readily be identified by their
ability to

The inventors have found that the presence or absence of an intact epithelial layer is

also a factor in determining the degree of pain associated with sites at which the
epithelium has been damaged or removed, such as skin donor sites. Thus by
promoting epithelial regeneration at such sites it is possible to reduce the pain

associated with, for example, the taking of skin grafis.

A further advantage of promotion of epithelial regeneration at epithelial donor sites is
that this decreases the time required until re-harvesting of tissue from the donor site
can take place. By re-harvesting is meant the subsequent removal of further epithelial

tissue from a previously used donor site. This is particularly advantageous in

situations where the skin available for harvesting is limited and/or the area of skin -

required to be harvested is large. Examples of such situations include occasions when
it is necessary to take grafts from children and/or patients suffering from burns

covering a large percentage of the body surface.



replicate the effects of TGF-03 in vivo or in vitro. TGF-(33 activity may be

WwOassesseshsn Vvivo using suitable animal models in which the reteafs2o6s/002577

epithelial regeneration occurring in areas of epithelial_damage .treated

with test compounds may be compared rwith the_rate of eplthella_l

regeneration occurring in control areas of epithelial damage. Suitable

animal models may include partial thickness or full thickness wounds of
tieSetiainidhir  asnaelief thydn ysndpretheneie piveidud ?hm??)? Hilﬁﬁreparing
skillegs ' ' ! 0SS) r epithelial , . .
reqoneraon [ S ordor S i iy AR Biiptering

h s*B]egﬁltB?Bﬁ%o‘i@&?ﬂ%@el@vﬁ?ﬁ%&%ﬁi@femﬂ?é%msidé]r{emis:mlt_ieaébﬂeﬁfecﬁve
odapithe il &9\@@9%@@&?%@@%&0 ld be {ﬁlé ecré}l?eg{ffgrx etg}la%%pect of the

such epithelial coverage from other factors, such as the amoun osf

JrAfRREAeR A tidTep@HisaEr siartivel smoonEsmatrnass ofiatesburithalobg TGE-
f | | ion tissue.of this sqrt WO

O oo B s A BN R R0 b et frtr
@%Fhﬂ&hmm%i@@m&mb&dmf@wm, sitit. dﬁewiﬂiobempgﬁtguiﬁr;gl that the
R 4 e A B o o e o A P rvesting
cell types. In the case of analysis 0 wounds (SuckPss in &
Ssithararadins be sng rdsebenidontfiechipgiemtuphytitieir, fadenac s;ch 2 person

hele FSpi - Shaped fibrablasts, or rounded cells,

gﬁhe,inﬂffl%c{r‘réﬁa\%tct)%i%lp raé%fpggnqég . The %?’ntiang‘oﬁl acld sequence 6 %Eﬁﬁ?%%ﬁg T own

TEREFERIE pbvRsBeris lwwy rensespiNe:-habisising ALBT MUEERNbe undertaken
LEENGANYRLHIRE BOREEWL K MHERIC N ANELREREPY

LRSADTTHST VLGLYNTLNP EASASPCCVP QD _
YVGRTPKVEQ LSNMVVKSCK CS (Sequence ID No. 1) The prior art

Chintdinamaors e Aol et fepsRhdiBE A3 At e syliahle foruse in, o
by agents having TGF-; activity may be effected using TGF-Ps itself, biologically

active fragments, variants and derivatives of TGF-B3, and substances able to promote
or mimic the biological activity of TGF-B;. Suitable biologically active fragments,
.variants and derivatives of TGE-f, may readily be identified by their ability to
replicate the effects of TGF-Bs in vive or in vitro. TGE -B1 activity may be assessed in
vivo using suitable animal models in which the tate of epithelial regeneraﬁon
oceurring in areas of epithelial damage treated with test compounds may be compared
with the rate of epithelial regeneration occurring in control areas of epithelial damage.
Suitable animal models may include partial thickness or full thickness wounds of

tissues containing an epithelial layer (such as the epidermis of skin).

The skilied person will appreciate that when assessing the rate of epithelial
regeneration (for example, in order to identify whether or not regeneration has been
promoted) the relevant parameter to be considered is the extent of epithelial coverage
achieved. Care should be taken to differentiate such epithelial coverage from other
factors, such as the amount of graﬁuiation t:iséue (or other materials such as matrix

associated with clot formation) present in & wound. Granulation tissue of this sort



the methods and medicaments of the invention. For example, EP-A-0 684
watid7aessribes a polypeptide comprising a modified form of T&&F/0®2006/002577

having suitable biological activity for use in accordance with the present

invention, as well as nucleic acids encoging the same. The disclosures of

EP-A-0 684 260 represent preferred polypeptides and nucleic acids for

use in accqrdance with the present invention. Variants of TGF-(33 that

mEPLEPRERFH Lowsras-rleswitn tiefHiemtondneiuveidpotbinsedontainiognd, but

cdnse R amimRtaGdpuRstt Y iological .activity of
U U iy o

(33 as characterised by its ab
1R ER sl thtesondB iy Sass o honly pimy Beroundsit(tions glesignedrounds)

tepedie cprat YRS SHES: aT-Tel that m
be invol eg iq‘tﬁé&%qé{%??dation gfg%leﬁa%‘gtr?fe of TG%%%%?%&?%%@J@P&?@%]PW (as
vAFRRREA AR daP R/e§}g\‘PeléGﬁb(‘?§’]t¥ﬁé§=nﬁy paadag|oydld infilbe inflammatory

meghicagsgnts and methods of the invention are provided below. WO
2007/007098 PCTIGB2006/002577 13 Suitable variant forms of TGF-(33
may be ones in which certain of the native amino acids are replaced with

alftiearaidsabiyieguae e Aok sitilaT bipnhys %%vi?&g&’%ggéqé&)eﬁ@% D No. 1

agé'ino acid it substitutes, to produce a conservative change. xamp

sma?l%‘on-polar, hydrophobic amino acids include glycine, alanine,
leucine, isoleucine, valine, proline, and methioivne. Large non-polar,

hydrophphj ' ids include phenylalanine, tryptophan and tyrosine.
The p&%ﬁ%o acid<HN fine, thr&3RRBQYEeIe,
aspardgWwe/aiEPgiatamine. TAmositivety gharged fhasigramipo acids

includ i e and histidine. The negatively charged (acidic)
aminoe\ajlllé g mgspart@ﬁ@&%)@@%mic aéP IR Frddifications

in prot¥N SRERINTER)such asIhpgs whislrgecur gdiying or after
transl 'en,u%i% lg/)ﬁet ation, amidation, carboxylation, phosphorylation,
protec?g%[t)lg cleav 0 8r ti kage to a ligand may provide further variant
forms of TGF-(33 suitable for use in the medicaments and methods of the
igyention. . ‘

¢ prior art contains a number of variant forms of TGF-p; that are suitable for use in
the methods and medicaments of the invention. For example, EP-A-0 684 260
describes a polypeptide comprising a modified form of TGF-B3 having suitable
biological activity for use in accordance with the present invention, as well as nucleic

acids encoding the same. The disclosures of EP-A-0 684 260 represent preferred

polypeptides and nucleic acids for use in accordance with the present invention.

Variauats of TGF-B; that may be used in accordance with the invention include
proteins containing conserved amino acid substitutions that retain the biological
activity of TGF-P; as characterised by its ability to promote epithelial regeneration, It
is preferred that conserved substitutions may be substitutions designed‘ to remove
protease cleavage sites, or other peptide structures that may be involved in the
degradation or clearance of TGF-B5. Further details of variants and derivatives of

TGF-B; that may be employed in the medicaments and methods of the invention are
provided below.



Derivatives of TGF-03 suitable for use in the methods and medicaments

woofddmoaresention may include derivatives that increase or decnre@eeH1006/002577

TGF-(33's half-life in vivo. Examples of derivatives capable of increasing
the half-life of TGF-Q3 include peptoid derivatives of TGF-(33, D-amino
acid derivatives of TGF-(33, and peptide- peptoid hybrids. It will be
appreciated that, since TGF-(33 and its fragments (as well as many of the
possible variants and derivatives thereof) are proteins or may contain

peptisble CAAROTBRL IEY Ay, 08 SVBi tion by a pumber.of .
means (such as protease a(;tivi%y i_réﬁ%ﬁ%%%l%y%ﬁ%%n%ﬁ%ﬁ%ﬁopﬁw natve amino
dagfadaifoRcriasEnTY ithe apisy anidsiityrving capsigp epitidie ssdndhRRC®iophysical
thepeiiysofthedalyRePtides ' their biological function. There

ahr)z wide ranges of WeII-estabﬁgr%%g@é er?fqﬁoeép ]]bg;&ﬁ\% idneRapgaive change. For
d@f%ﬂk?ﬂﬁét%@%éﬂé@@bmimmbimdam@x@mnme, leucine,
drsigRadARdIRIOPIesHe S RaRIIdS, defivatives may have.improved . .
bjogvailability as crg_lﬁrgesuflzt of increased rgés%st hcge8 1 prg{éagcér-?é]é@f’éfeaénmo acids
JEGHRRBH M e yatopbep 00t /hovges. HBT 16 B2 06! 2ETTo bdids include

pﬁﬂﬂﬂ?tﬂ%@@ﬂ&?@%@ﬁ%pgﬁ%@%@@ le fo ording to the jnvention _
is more protease-resistant than the peptigﬁ%%%%hﬁﬁ%?sm gﬁb’e targed (basic)

PrOfEPapfsrispivds Lsipariasainisefegnidstidimallbe negdévelgreharged (acidic)

PieiaseimRSistaN DSl sR N, andior yterminal. For example,
the N terminal may be protected by an acetyl group. The C terminal may

be protected by an amide group. Protease-resistance of a derivative of

T@Eeffiﬁdﬂiﬁ‘ﬁ@ﬁ@fﬂp%@é&ﬁ%@i&&%@&%éﬁs&t% %%%Fé(c%%jtg%qn%/or after
means, of well-known protein degradation assays described in the prio
atrrf".”lgélf}?&deo%r ﬁ%g’]&??@ PO YiHap ey tinsigheshhaniation, proteolytic
keleavieetos: ink&le (335 SIHICHS AR Seially ayailable soft y
|[lc;ﬁ{useql to devé%%— pept(l)ld deriv?aﬁves ac%%%}i%% to wel -%ﬁtlgb(},l%safgg -p3 suitable

BROR heateficnmsmts and wrthdsipE s vesidenare replaced by

peptoid residues in reversed

Derivatives of TGF-B3 suitable for use in the methods and medicaments of the
invention may include derivatives that increase or decrease the TGF-B3’s half-life in
vivo. Examples of derivatives capable of increasing the half-life of TGE-f5 include

peptoid derivatives of TGFE-B3, D-amino acid derivatives of TGE-Bs, and peptide-
peptoid hybrids.

It will be appreciated that, since TGF-B; and its fragments (as well as many of the
possible variants and derivatives thereof) are proteins or may contain peptidyl
components, they may be subject to degradation by a number of means (such as
protease activity in biological systems).  Such degradation may lmit the
bioavailability of the polypeptides and hence the ability of the polypeptides to achieve
their biological function. There are wide ranges of well-established techniques by
which peptide derivatives that have enhanced stability in biological contexts can be
designed and produced. Such peptide derivatives may have improved bioavailability

as a result of increased resistance to protease-mediated degradation. Preferably, a



order) are also able to mimic the epithelial regeneration promoting

wpsepesinsf TGF- (33. A retropeptoid is expected to bind in theagpaskfnzs7?
direction in the ligand-binding groove, as compared to a peptide or

peptoid-peptide hybrid containing one pgptoid residue. As a result, the
side chains of the peptoid residues are able to point in the same direction
as the side chains in the original peptide. D-amino acid forms of TGF-R3
coRBtidndeifativer anbetimenswizidefivative afodiGiigP? SUEARRIIIHSE more
[ >0 Wi t d medicaments of the invention. In this
Crggﬁg ?é%%%ﬁ%&%%%%%@%%%@dﬁggﬁﬁgﬁpr%??fﬁ he derivative is
reversed as compared to the original TGF-(33. The preparation of

dervaLivgs WBE}I@W%%%%%? ﬁ\%#?%é%%ﬁ%ﬁ% rgalno Cé%ﬁﬁ%r?nﬂgase—resistant by

decreases any unwante do

nﬁ%ﬁ%&ﬁ%‘é@d é?‘ctea}];sin@ .tﬁema;mpls, ehagerinihithisast b cted by
agmipi i : uency of its, administratign. WO
2007?(%‘)%,;3?598Ei C?%%\%ﬂ%é%%%%%%%fygr ?f%?ﬁ%gg’a?fb?gﬂ W, in order

to constitute a biologically active fragment, variant, or derivative of

bl dbG ARAIEN ﬁgﬁﬁ% ‘é%%@‘%%mﬁ LBt taRqtease-

medicaments of the invention a fragme
tAesIEpRereli rEGErbr dtistfpbymoting acfivity DkT&HT (3ot Fat33{Rbon assays
bgggqgjg@d%a[ﬁg;/p%g%g@ents, variants, or derivatives thereof) may be

provided for use in the methods or medicaments of the invention in an
active or inactive form. TGF-N3 may be inactivated 'by any of a number of

i X DY encapsulation. Capsules may be
S R o Rl o s
Uit Exteonahstinally suitaibiblfor sagvitdhisamannardaicyde ddVelightpeptoid

and,.in.vi zymes 0 t. TGF-(33. may also be provided as an
Ué‘éﬁ%éﬂ% A&Xi‘\é?n%%oc“e ~BS{%%E§%?I€ gfé)

inactive precursor, Which may t¥Sn contact with tissue
containing the natural cleavage enzymes required to convert the

R S i G e 49 Sesioun e Rinzoversed
Barsw: are also able to mimic the epithelial regeneration promoting properties of TGF-
f3. A retropeptoid is expected to bind in the oppésite direction in the ligand-binding
- 8roove, as compared to a peptide or peptoid-peptide hybrid containing one peptoid
residue. As a result, the side chains of the peptoid residues are able to point in the

same direction as the side chains in the ori ginal peptide.

D-amino acid forms of TGE-B; constitute a further embodiment of a derivative of
TGF-B3 suitable for use in accordance witﬁ the methods and medicaments of the
invention. In this case, the order of the amino acid residues comprising the derivative
is reversed as compared to the original TGF-Ps. The preparation of derivatives using
D-amino acids rather than L-amino acids greatly decreases any unwanted breakdown
of such an agent by normal metabolic processes, decreasing the amounts of agent |

which need to be administered, along with the frequency of its administration.



MKMHLQRALYV VLALLNFATV SLSLSTCTTL DFGHIKKKRV

wobfiR6eetsSK LRLTSPPEPT VMTHVPYQVL ALYNSTRELLpcT/GB2006/002577

EEMHGEREEG CTQENTESEY YAKEIHKFDM IQGLAEHNEL

AVCPKGITSK VFRFNVSSVE KNRTNLERAE FRVLRVPNPS

SKRNEQRIEL FQILRPDEHI AICQRYIGGKN LPTRGTAEWL

SEDVIDTVRE WLLRRESNLG LEISIHCPCH TFQPNGDILE

NiHEUVRE ERRs s b HE mdDLIe FRORK Ot DHNBY ALY active fragment,
MMHRRHR M REQGERRIGKR AR ENYCERN LEENCCVRPL
YIDFRODLGW KWV.HEPK(?%Y IAaNFc%%YB%cgﬂQ icﬁ%rgﬁ’ﬁﬁﬁ the methods and
VREE A PoE AISA SPEGVP QBRERETLVartiG RTRIGNER e must retain the
LMY SGIE g,% 7/007098 P 32006/002577 16

(Sequence% N}(:). 2) 1 %c%%’%ﬂ%r? %gygyﬁgé%s\gély be achieved by the
molecular addition of a binding molecule. The binding molecule may be
detachable when reguired by an external stimulus such as UV light,
uItrasg%n@}\i/r\(ln\ﬁ{/&c}él é%&g rﬁ8§¥gr %%%P%taﬁ@%&ti&ésd%’r"é%% fprecof) may be
mmﬁé;@'fm ma?élgrehﬁﬁﬂiﬂﬂﬁﬁ@_ vmﬂdt_kdi'l @fMﬂ@kHﬁ}@”i’MI ; fOi:l- (_t:lg‘g'é&%(s%ctive or
a nsecre ‘om cellg in.an inactive form known as laten -3
Lg%é%t ?f : ct:%nsigg WH}N%N%?%Q%Wﬁﬁam%ﬁmhmsm for
(Exm)plantthendBFul@iand Saplaereipniedd8sHeHRMAN LA a1 stimutus to
991@%%!9 eA%ngonaa:gln)ét e .Small Latent Complex can bind to another

pepti e?ﬁenveg HEETA HRSTLACTERRS) ofEriTaBlestmmii itablatder use in this
TGRS BiddidgUPvoligin, (L TBERinlvhich sa8e JhReatirg.complex is known

as the Large Latent TGF-(3 Complex. Latent TGF-(3 is activated when the
TGF-(3 is caused to be dissociated from the LAP.

TGF-B3 may also be provided as an inactive precursor, which may be activated upon
contact with tissue containing the natural cleavage enzymes required to convert the
precursor into its active form. The amino acid sequence of a naturally occurring

precursor of human TGFps is provided as Sequence ID No. 2 below:

MKMHLQRALV SLSLSTCTTL
DFGHIKKKRYV EAIRGQILSK. LRLTSPPEPT
VMTHVPYQVL ALYNSTRELL EEMHGEREEG
CTQENTESEY YAKEIHKFDM  TQGLAEHNEL
AVCPKGITSK VFRFNVSSVE KNRTNLFRAE
FRVLRVPNPS SKRNEQRIEL FQILRPDEHI
AKQRYIGGKN LPTRGTAEWL  SFDVTDTVRE
WLLRRESNLG LEISTHCPCH TFQPNGDILE
NIHEVMEIKF KGVDNEDDHG ~ RGDLGRLKKQ
KDHHNPHLIL MMIPPHRLDN  PGQGGQRKKR
ALDTNYCFRN LEENCCVRPL YIDFRQDLGW
KWVHEPKGYY ANFCSGPCPY LRSADTTHST
VLGLYNTLNP EASASPCCVP QDLEPLTILY |
YVGRTPKVEQ LSNMVVKSCK Cs

VLALLNFATV



This dissociation may be co-ordinated at a mannose-6-phosphate / Insulin

wd-tea7egr@egh Factor Il receptor (M6P-R) and involve proteasescstigia%6/062577

plasmin, the substrates being associated at the cell surface by tissue
transglutaminase. Free radicals and reagtive oxygen species can also

activate TGF-(3 by causing dissociation from the LAP. The invention also
encompasses the use of substances capable of promoting or mimicking

the bioliyigatmatifintaf. BHF-(33 for the manufacture of a medicament for
promoting epithelial regeneration. Substances capable of promoting or
mimicking the biological activity of TGF-(33 may achieve their effect by a
ndmbtrgimenas. Honinstecigebsuchubdtapces majointieasklitide of a binding
e ion 9f TGE-(33, or they.may incre the half-life of TGF-(33, for
eg}sﬁ%ﬁé%b)? g%c%rlélé]sﬁlﬁg l?rqr%géleer 10%?” -?i;%%?ﬁﬁp‘f’g?%frgﬁlﬁg bdsan external
capabiéiefprpesdtivglightmiliieidngdhe biotogieshastivitediGF-(33 include

both proteinaceous and non- proteinaceous substances. For example,

such substances capable of promoting or WO 2007/007098 ‘

PETiteBe pesider S 7ut7imii giininthiehicfdginahacligifymf A6 H<Bknown in the

include tra iption factors regulating TGF-(33 activity, activatin
AEOUIEE LK ABIoSY (HIRTORRIGHAG BT GIEL e hPas oTes s cmien o Jtent
iNDGRIHC NRRRCTIES-haktrplicase Qﬁ%%ﬁﬁ%@@ﬁgfﬁ%%ﬁfeﬁ%ﬁg% (LAP)

as well as substances able to induce intracellular signaling cascades

retah hfe’ ChakAre g flsogredveed forerbe Smalldaipbl pinlay ddditionally the
TGhA{B3.aktelerahpidhe R WW&B&QE'}%@J@ %ﬁ}?ﬁ@iiﬁ%@ Q%i@fé?eﬂ?%ene) of
at le %

to a rate of epithelial regeneration that is ast 5%, 10%, 20% or 30%

greatebitsirsiralied dibertidCRdt indinm Rretsinr GLBRIck ovhintrsasedthe entire
cRURElum ARG RIS RIAP BLARIACT RIDelhegeneration may give

rise to a rate of epithelial regeneration that is at [&ast 40%, 50% or 60%
greater than regeneration occurring in a control-treated or untreated

epitheliure Asexen meisaIsians ¢ extpromgled gpilhglial regeneratio
may give risgtp a rate of epithelial rege erag?l%)n% f&eaalfgggi%%% 6y LAP.
orldidirsietienamay be co-ordinated at a mannose-6-phosphate / Insulin Like
Growth Factor II receptor (M6P-R) and involve proteases such as plasmin, the
substrates being associated at the cell surface by tissue transglutaminase. Free radicals

and reactive oxygen species can also activate TGF-B by causing dissociation from the
LAP.

The invention also encompasses the use of substances capable of promoting or

mimicking the biological activity of TGF-f; for the manufacture of a medicament for

promoting epithelial regeneration.

Substances capable of promoting or mimicking the biological acﬁvity of TGF-f; may
achieve their effect by a mumber of means. For instance, such substances may increase
the expression of TGF-Bs, or they may increase the half-life of TGE-B3, for example
by decreasing turnover of TGF-B;. Examples of substances capéble of promoting or
mimicking the biological activity TGF-B: include both proteinaceous and non-

proteinaceous substances. For example, such substances capable of prbmoting or



regeneration occurring in a control-treated or untreated epithelium, and

wnestdargéerably promoted epithelial regeneration may give riseR:a1@i€002577

of epithelial regeneration that is at least 100% greater than regeneration
occurring in a control- treated or untreateg epithelium. Preferably the

promotion of epithelial regeneration may give rise to a time to re-

epithelialise | day, 2 days, or 3 days faster than that occurring-in a
controkkieattn biologirehtediefithefliIGENlarimphefenabiy@ismoatetiors regulating
epithelial regeneration may give rise to_a time to re-epithelialise that is at
L A S R Rt o oL ng biologal activity of
caGidiRy eatell piotmieaies epilbelivnrdbinaandnaieRiRignad it cts of TGE-
promoted_epithelial regeneration may give rise to a time to re-epithelialise

t

T L ASsrLRpseR ahlsy o pdussyatrasediuian i ghatiog casripdeithat retain the
conkiatispated Griseied £RIMS WD, AN, mAsLRefetably promoted

epithelial regeneration may give rise to a time to re- epithelialise that is at
least 10 days or greater than that occurring in a control-treated or

uptigeigs eRitRlumE VWILY B3rREhio e lma 0 18 %WS?{QA%OQ raig of eéithelial

epithelium, for example from donor siteés for split thickness skin gratts,

prERSHEAtReib i atfolsast epitndifft sede rtidRdmayewio ten71he 7e98reration

PESHGBA0R6/0Q35i4-8xeiiedi ' harvest '
2 daﬂsﬁgg% lTcglays faster than thaﬁ%ﬁ%ﬁg@? r%%gﬁ{ro?%%}gté%% g‘r%?a{)ga&ommed
uﬁﬂ’é{%ﬁ

RRETRIAC MBYegpYErarsrry biainsteepitistist negaeatioralioh is at least
MEY/LiseY%iee 609 Bradeialavasingdh %tc&ﬁri]g%gﬁtadfcg%ia%rgg%\?z " Btreated

ter than that occurring in a control-treated or untreate ium.

days fas .
|tem%%é% JFdSTErE R EHEEE O Rcb R Bpnmeted ruitelirhdezenvagtigivenay give
riggdactatiaie & etharvesing dhalds aldeashidryso%,days.0n2 ﬁ)a)ésgrca er than

faster than that occurring in a control-treated or untreated epithelium,

an
mGEEIFERIALRFPIBHS I ebitientPrégatss oo rintsris eapibeluminmmd  most
torerfrabyessingtad isfatiesst Loheaya96oaale rg,itb@eigaa{oofawaimf}@imeﬁal

control-tre,atea]\or_untreated eﬁithelium. Medicaments in accordance wit

tHEERRREAHER ‘ﬁy“bfﬁ\ﬁ%& e BERASY RBCIRgENeration occurring in a control-

treated or untreated epithelium.

Preferably the promotion of epithelial regeneration may give rise to a time to re-
epithelialise 1 day, 2 days, or 3 days faster than that occurring in a control-treated or
untreated epithelium. More preferably promoted epithelial regeneration may give rise to
a time to re-epithelialise that is at least 4 days, 5 days or 6 days faster than that occurring
in a control-treated or untreated epithelium. It is even more preferred that promoted
epithelial regeneration may give rise to a time to re-epithelialise that is at least 7 days, 8
days or 9 days faster than that occurring in a control-treated or untreated epithelium, and
most preferably promoted epithelial regeneration may give rise to a time to re-

epithelialise that is at Jeast 10 days or greater than that occurring in a control-treated or
unireated epithelium. |

With respect to the time to re-harvesting of epithelium, for exampie from donor sites

for split thickness skin grafts, Iﬁreferably the promotion of epithelial regeneration may



amounts of agents in accordance with the invention suitable for promoting

weepthebadsgegeneration. The inventors have found that such megiceTenks2577

are able to promote epithelial regeneration when administered either prior
to epithelial damage, or once such damgge has already occurred. The
prophylactic use of agents in accordance with the invention to promote
epithelial regeneration is a preferred mode of use in accordance with the

iffERAGIE. 18 RillBe Kpprdumietingabotdn Lsiis hdsysuitableinsfesaastian that
wheigthe e ansirsation.af jr ' ithslial darage is known,

for ,examgle damage occurrfr?g qs%aﬁ%e%ga%ﬁ)%%tﬁ%'pﬁgg%ggér%% promoted
ﬁ@%&ﬂi@ﬁ%ﬁfﬁ igise siordantimattothetiaveastion thatiset least 4 days, 5

cansidgreddnsSiidaian recthers isip likelinoo ithelial dama .
arii%g. Theg}isnve ntors %ﬁ]\alf\i/?(? fgﬁ nd thgilgé r‘%%%%‘?a%g %t%%’ éa%aﬁrse?% 4 egﬁhdmm‘ It

Al Or M AR Eed tharpomntnd enithelipbrigersepishatiay davnage (b.e.time to
indhekestiingripseiRrabivhal mz,@@g@d&p@@%@%{éﬁ%&%%@g ing in 2

is hi%hlt/ effective, though administratiori at earlief times (e.g. up to
SPRSOFBES B piRTaleta sritel i stndfrawleprataenbh pivglaoticluspithelial

ofegsesatieiiogsy shd medeamsRisinagsRrdapee it he Y%B%Paﬁrslxs?? greater
ptrngerre embodiment of the invention, and is particularly preferred | the
praEPa R SO LR Grafatmdizaied premprased rathalgents in

accordance with the invention are also effective in ,promoting epithelial

r eéngration when administered: after epithelial damage has occurred. It is

pre?elrr%la‘%% B RFARAIBE BT R BOYRISIDB 257 Prayvifatherepeutically effective
atmuinistr afionshiouldaocotipscrily asnassiientsiibr RIAIMRne epitheiial

e but nts in accordance with the invention are able to promoté
g’%%%%féﬁ“?%gﬁ%?aﬁlgﬁ%?ﬁr%ﬁﬁﬁ@% Tt RHche S6ratRmRea R e RS dlgeptomote
eqitisiainrbgmtakson plaee. dtmihibe-RpsRBia e dhab B tind Wilibe, or once
vgm%hdggl% Eshgg %cg dancgr\r/\éﬁh the invention may be effectively

administergd such tha tﬁg(f/ aré able to promote epithelial regeneration is
dependent on a number of factors, including the nature of the epithelium

TR oA GG, SRS UM s nalural atp of repal) the degree of  aial
regeneration is a preferred mode of use in accordance with the invention. It will be
appreciated that such use is most suitable in the case where the time and location of
prospective epithelial damage is known, for example damage occurring as a result of
elective procedures, but pre-treatment with agents in accordance with the invention is
also considered in situations where there is a likelihood of epithelial damage arising.
The inventors have found that administration of agents in accordance with the
invention immediately prior to epithelial damage (i.e. in the hour,’ or preferably half
hour, preceding the occurrence of damage) is highly effective, though administration |
at earlier times (e.g. up to 24 or 48 hours before epﬁheliai damage) is also effective.
The prophylactic use of uses, methods and medicaments in accordance with the
invention is a preferred embodiment of the invention, and is particularly preferred in

the preparation of skin graft donor and/or recipient sites,

Agents in accordance with the invention are also effective in promoting epithelial

regeneration when administered after epithelial damage has occurred. It is preferred



damage that has occurred, and the size of the damaged area. Thus in the

weaRe/0d-aogarge area of epithelial damage, or in the case of dpgageieet2s77

epithelium that is naturally slow to regenerate, agents in afccordanc.e with

the invention may be still be effectively ggdministered re_Iatlver late in the
regeneration response. Agents in accordance with the invention may, for
instance, preferably be administered within the first one to 2_4_hours after

et ettt adainishationcshiordd, burunay stiltlychiepessibhefifial the initiation of

' ithelial jQQ):| inistered up to ten, or more o

R R I AR S O R
& BETABMe Yty firpuntetihdminstenitioobiage dtsringadagritasinenniby taken
thpdseieniiomessligs obarlieli! demans.foc stanes Mheansulicallt, o i,
e&e%ctive amounts of agents in accordance with the invention may bé

a i%@%@téﬂé&rﬁﬁﬁéﬂ@m%liaﬂa@m@md@mﬂmmrepam;ﬁal able to promote
reganekaliehas.Maen achisves: &Yy é"f%ﬂ)%@@%%%%ﬁé%f?ﬁf&%}g éhgarll@/t%e of the

acc&cgld ince with the invention may be administere

RSB EP A SSF iR At iBnatheanithelivt sthasera ayts fofllewing e degree of

Odeuiaed Bex0hike 6amagCa s BRI AGSNIS I AECOTdRNGE;WI ethgse of a
inventi%:] areﬁadné, inE_stered both before and afterg%udences 0 eplﬁhﬁla?

dEFESGE SRR TR FavRSfoutdithakeaersnpdidatorest tagentepithelium that is
ansmrdHRctowits tgdnvansieRdmaediRislyrios VxR laldamagsy be sl be
fol wedp daily administration of such agents for the three o_lays _ _
6] #g%?hvge gpﬁﬁ’@ﬁ%ﬁfé?ﬁaﬁ"é?‘i’é’ﬂé{rt?@%ﬂ@ dtfe apgenier Promaenyegsitheligents in
regendeaitonvitdh208v4A6R 9By CIICRIMNBLOLL L) Yol N&ristered within
appr ci?ted tha g'lg amouynt of an agent in accordance with the invention _

to %eﬁgpﬁf?gcﬁo& ﬁ&%ﬁ%ﬁﬁl‘?@ﬁ%@%@nﬁ%ﬁ@%‘ébéﬁ@ﬁ%@@nblﬁb@ﬂbfsﬁﬂ achieve
faetmBchichrembtienbiglegitalattidberndiinarallabiliefdn R8Ny, or more,

the mode of administration and the

which ip turn depends o
p‘#l sﬁgﬁgﬁé&}ﬁi%gﬁ%ﬁé’ér{é@ﬁ%e agent. Other factors may include:

Promotion of epithelial regeneration may be achieved by repeated administration of
agents in accordance with the invention at sites of epithelial damage. f‘or instance
therapeutically effective amounts of agents in accordance with the invention may be
administered to damaged epithelia as required until full epithelial regeneration has
been achieved. By way of example agents in accordance with the invention may be
administered daily or twice daily to a site of epithelial damage for at least the first

three days following the occurrence of the damage.

Most preferably agents in accordance with the invention are administered both before
and after incidences of cpithelial damage. The inventors have found that
administration of agents in accordance with the invention immediately prior to
epithelial damage, followed by dailjr administration of such agents for the three days
following epithelial damage, is particularly effective in promoting epithelial

regenerafion.



A) The half-life of the agent in the subject being treated. B) The specific

woconditiondgo be treated. C) The age of the subject. The frequercl©B2066/002577

administration will also be influenced by the above mentioned factors and
particularly the half-life of the chosen aggnt in accordance with the

invention within the subject being treated. Generally when agents in

accordance with the invention are used to treat existing sites of epithelial
dErial deneprssinteh Buidthe animini st reck gerd donamthenepitriélishe invention to
dggnﬁgﬁg{% ogcured orha Qq};g % A9 Thera ith agents in

accor g%}ce \(/)v_ith the(ﬂlr%lent%n shou ge%oré%%ies t(}.ir%tf'll t%gem\gjgrrn%gga(ftmm such as the
epithesingl pefsvibyenbbiaevhilabilitiniéite's gatisfabtbninfren depeydsfon the mode
agmipiatrationil.denaodiRan e Riclegical halilite of the. agentin
accordance with the inveﬁ%%%&sgdlﬁr y%;%éﬁ%ea cergég?n%ﬁ i r%g?}tﬁler‘factors may
cﬁ’f?ﬂéfﬁlﬁhg an agent in accordance with the invention should be

adminisigsed torgdaigetfiesy heupbalialiiasoneliaion ghjne agent at

the site of epithelial damage is maintained at a e tor having a
therapeditic effeldie vprsifiresersifitmtadmintstedion daily or even several
times dafly. Thefgpesiticaty. gfigeilye amounts of agents in accordance
with the invention,. for instance in the form of medicaments in accordance
with the invention, may be administered by any suitable route capable of

a?ﬂ@‘ﬂ%ﬂd&?cg esiradaiRephLRMCUNg %t%%fx%?@ %2%8 n?k?%%}emxfaxgnﬁoned
preferably be administered locally at sites of epithelial darhage.
2861980 709 sretivyisy olbs/ 21 e chosenorstrdvinfogentdance with the

emmmrqg@ﬁ@@ggﬁbg@@%g&g@%g&gly promoted by the administration

of an agent in accordance with the invention (particularly TGF-(33) in the
form of injections at sites of epithelial damage. For instance, in the case of

deRRaa iy e, e RLarMIS {06 AURRNIAMBGRRTIRREE WIthdREAYS RO ng sites
gf epithelial damage the agent should be administered as soon as the epithelial
damage has occurred or has been diagnosed. Therapy with ageﬁts in accordance with
the invention should continwe until the damaged epithelium has regenerated fo a

clinician's satisfaction.

Frequency of administration will depend upon the biological half-life of the agent in
accordance with the invention used. Typicaﬂy a cream or ointment containing an
agent in accordance with the invention should be administered to a target tissue such
that the concentration of the agent at the site of epithelial damage is maintained at a
level suitable for having a therapeutic effect. This may require administration daily or

even several times daily.

Therapeutically effective amounts of agents in accordance with the invention,. for
instance in the form of medicaments in accordance with the invention, may be
administered by any suitable route capable of achieving the desired effect of

promoting epithelial regeneration, but may preferably be administered locally at sites
of epithelial damage.



administered by means of intradermal injection. Thus a preferred

wEampagiian of the invention comprises an injectable solutiorof @eagent2s77

in accordance with the invention (e.g. for injection around the margins of

a site of epithelial damage or a site likely, to be damaged). Suitable

formulations for. use in this embodiment of the invention are considered

in the Appendix below. Alternatively, or additionally, an agent in

acdey ganeeovi i thefinvatian Jpithehis adpenaditiini steretd rMsapied! fosmoted by
to promote epithelial regeneration. Such administration may be effected

A B R A e GBI P EAR o %m&a&aﬂar@% Bl GGF-B9)

fopnitations svilaRlaiaitopisadagmipisieioiateset QW RigindQRicahe case of
formulations may be applied by injection onto the wound surface, by .

y
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andagelyeing OF Sanane edlusina diegsinip&ion. Olisites Biethusi&omposition of the

Tegaderm or the like. The inventors find. that the promotian of epithelial ..
RS R TR i o
impreednbie o dicaddpplicaton:of dreageaniin decaitdarfopittithishdamage or a site
inyention to damaged.epithelia (or..in the case of prophylagtic application,

to Bt S LH S Do AR By TR TE el Ihat S pAQIactr of the
cantaimipng agertssidacdandandeppaitidthédhwention are formulated such

that they additionally compr ise a sugar. The sugar may preferably be

selected from the group comprising maltose, mannose, sucrose and
glUdtseativid pantiedititympibfe aredgitithecsaytanise maltode: Miventioganay also be
such as. maltose, may, e in suffici uantity that the " Such
cor#&%%%%‘?si%b&aﬁﬁﬁ’[ﬁ%ﬁi:%%ﬁﬁic%a %g@ge)ga}r_ %ﬁé@%itz é[mvlvrflc mtlhe uc.
composittonittonoy bdnsitisiededs Ths ol drronsitielventondabewtie weee for the

of &ﬂg%éds_éi(ég. aﬁ@@ﬁlltsoﬁ? @ﬁ%ﬁ%&o%dgﬁgvﬁﬁaﬁiwg&%ﬁ@gaﬁw are set out
surprising improvement in terms of both the amount of active WO
206771007008 ENIGRRY0S 00577 applivdieyianivricanite e giwayed surface, by

f g TGF-034 il )
i;%%#g%?i%fagpgﬁnm&p ¢ f gi(GaamPfSn% e@les\éﬂﬁggé)tﬁﬂ%w%ound under an

ogical activity TGF-03 molecule. With respect to _
occlusive or semi-occlusive dressing e.g., Opsite, Bioclusive, Tegaderm or the like.

The inventors find that the promotion of epithelial regeneréticn in accordance with the
present invention is particularly improved by topical application of an agent in
accordance with the invention to damaged epithelia (or, in the case of prophylactic

application, to epithelia that are to be damaged).

1t is preferred that compositions containing agents in accordance with the invention
are formulated such that they additionally compﬂse a sugar. The sugar may
preferably be selected from the group comprising maltose, mannose, sucrose and
glucose. It is particularly preferred that the sugar is maltose. The sugar, such as
maltose, may be present in sufficient quantity that the composition is substantially

isotonic having regard to the site at which the composition is to be administered.

The inventors have found that the use of sugars such as maltose in formulations

provides a marked and surprising improvement in terms of both the amount of active



the recovery of TGF-03 material, formulation in maltose resulted in a
wOo4doldamosease in recoverable material (as measured by ELIBAYGB2006/062577
compared to a mannitol-based formulation. With respect to the inherent
biological activity of TGF-,63, formulation in maltose resulted in a 4-fold
increase in activity (IC50 in the Mink Lung Epithelial Cell assay of 7.309
[1.044] pg/mL) compared to the mannitol formulation (IC50 in the Mink
Eﬁﬁﬁ'@&%ﬁ*@ﬁa‘f@eh%ﬁ%‘%’@f@b.ﬂ‘@m[%%%@]%qﬂnt_a)inim TEFeB; (e.g., pre-filled

@mpg&mmmmmﬁqgméfgw&e%@fﬁws?M@&&Eﬁb}\ﬁ%&f&%{g@ ith respect to
formulated in thef_ggresence of sugars such as maltose ‘are par |cularfy
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gé.suafrs such_as maltose in such formulations provides notable
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SHERER Grd e Srpbtthone Bom sramg et tiodhaymennitph fomnalaics (IC50 in

whithivitig iDven BpiandiSodeEseyT 39 MARSL dbe] Hagy constitute a

separate aspect of the invention. Accordingly, in an fourth aspect of the
invention there is provided a composition comprising an agent having

TGE-(33 attostyfostiuiatad inihPERsanCce: Ofaskaatsalatleh i aviiGon arc
rou cgriqpns%]gg maltose, mannose, sucrose and gl_ucose. Itis preferred
3(1)& %lae”% JAr eSSBS DA (S e | 8scBralieRstisntsatigalarly preferred in

aoogndandiewitheoypibripiccedingrspesiR RIRR HIVERLED MWjection. The
the presence of a sugar such as

comprise active agents formulated in

S, B R a6 DO 125 W eBroF¥ib sigaeliveran such
poaferablyns tabiddormutilio NadvAY GRMAHS AR AGHV 8RS levels of pain
gggg%@g%i%th%l%resence of 0,25M sugar. Compositions comprising

active agentsin AccordatE i tAREHRDR ntib i aSPEREsH PRinBEr @sfpared to

toffiens nti bosrivs wiziphndireg tdnipastioutes:ien 10eBARRSY 45 MINERIDeY AlRed.
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Indeed, so beneficial are compositions comprising active agents in accordance with
the invention and sugars such as maliose that they constitute a separate aspect of the
invention. Accordingly, in an fourth aspect of the invention there is provided a
composition comprising an agent having TGF-B; activity formuiated in the presence
of a sugar selected from the group comprising maltoée, mannose, sucrose and glucose.

1t is preferred that the sugar comprises maltose.

Suitable compositions for use in accordance with anty of the preceding aspects of the
invention may comprise active agents formulated in the presence of a sugar such as
maliose at a concentration of between 0.1M and 0.4M of the sugar. More preférably

suitable formulations may comprise the active agents formulated in the presence of
0.25M sugar.

Compositions comprising active agents in accordance with the invention may take a

number of different forms depending, in particular, on the manner in which they are to



be used. Thus, for example, they may be in the form of a liquid, ointment,
woct@arv@ed, hydrogel, powder or aerosol. All of such compostans B 6/002577

suitable for topical application to a damaged epithelium, which is a

preferred means of administering agents in accordance with the invention

to a subject (person or animal) in need of treatment. In a preferred

embodiment therapeutic formulations of the agents of the invention

SPfckEe: s Ahs seasanon thex marmb s ftofrra e fiatisuetnualameht, cream, gel,

ShuRaneRNRlcmay hadiaparil Reinc e AANLID AN AL dopicar

degree of purity) with optional physiologically acceptable carriers,

A f@@o@s?agﬂ@éﬁ%%%w”ﬁj@bﬁﬁi%@mmmid:iﬁedministering

pawaler ifoERudRTIRRS fRIHeaRNSHIMKIOS, @9%’%&9&?@@@1@%&] %%Hﬁagl in need of -

solutions, non-aqueous and aqueous dispersions/suspensions Including

SFEAISIENs and semi-solid formulations. Acceptable carriers, including
excipients, are non-toxic to recipients at the dosages and concentrations

plo e?, and include, but are not limited to, buffers such as
S'?oga% grered gt therpryiniforeaistionietdantegeniudinte invention
astoilic Reitbamskeachientan] RUGHYSRANYS SULRAG. SO U IR meons)
gllucose, lycero], and alike; preservatives such as

OOFR B RIHRERSY BE AR AN iR LIsriRg RexHrdmsd rigsiashidriderity) with
hﬁjiazﬂlkplﬂgulim@@ﬂwldeﬁ%%wﬂ@&iﬂéfﬁb |$El9§i&r@??9's£l§f%@{s?ﬁnﬂl form of
cohal; arabens such as methyl and/or. propyl and/or buty
SXP %%{??;%a%gé‘fﬁl&?‘ ¥ }ﬁ?ﬂ;W%ﬁ&mﬁ§%rﬁ%h@?%‘ﬁ*@%ﬁ%aqmm
lendragteoutasoietight|ass-taasoabarl koesidueshripeRidssisions including
pero'gleiisri}gﬁssgrci:h as ser Ibuglin,a%elggn, or immunaglobulins; hydrophilic
polymers stich a8 p @ar\?\??ﬁ?f BiidBh e SRRt L TSt ol gipg s cipients, are
g}amme_;@s@amgimamaaimﬁgz@nm (j:*mﬁfielgﬁmﬂjlnéf@ﬁﬁﬁ%‘éﬁb afidl9Selude, but
ch E'x% nd other car rates including glucose, mannose, or
?git(rfllns?ic %gt?rtlog’ e?g]u'e}ﬁ Isss%%%e%ss @%ﬁ%& r S5LSE Anch el crgapic acids;
rARieHiAnin ditosdite halosbior sddbital] saltfioniing couvey-ieRsITUSH asch as
sedivm; n@ﬁ%h omplex gre.g. Zn-protein complexes); anionic .
surfactants sucﬁ as f t]tlf %c d <o, ﬁggogcylaélu phatEs: or RigTvatives  such  as
Sfesoidiaribybmienic suraoeritsnsuchidsriky| primgmnethonium  chioride;
benazalkonium chlorlide, benzethopium chloride; phenol, butyl or benzyl alcohol;
alkyl parabens such as methyl and/or propyl and/or butyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less than
about 10 residues) polypeptides; proteins, such.as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and ogthe'r carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; other sugars such as sucrose, mannitol,
maltose, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g., Zn-protein complexes); anionic surfactants such as fatty acid soaps,
acyl sulphates, or acyl sulfosuccinates; cationic surfactants, such as alkyl primary,

secondary, tertiary, or quaternary amines; non-ionic surfactants, for example, sorbitan

esters or polyethoxylated esters of acyl acids, copolymers of polyethylene oxide and

polypropylene oxide.



secondary, tertiary, or quaternary amines; non-ionic surfactants, for

woexamplmoesorbitan esters or polyethoxylated esters of acyl agids/cr2o6s/002577
copolymers of polyethylene oxide and polypropylene oxide. WO

2007/007098 PCT/GB2006/002577 242A pharmaceutical formulation
example of a sterile solution for localised parenteral administration of the
present invention, in addition to the active agents, may optionally or
additionally include the following: 0.01 M to 0.1 M phosphate buffer, and

SodiumehianidaupiRAa%ny Ao achieyed igity With blood.
29 q:-'S0.0 mOsm/L)) 1 to 10 wiv, ‘%alto@é?ﬁ%ﬁ%bgﬁg%r?gfg%%ﬁ%d parentera]

s U998 (Rledh MHESHHeiXRvERRaNnt 020GHETM | toolfisxyistintengents, may

sophisasimonaioigaiel(f weanEVh89)116willde readily appreciated by the
skilled person that a lyophilised (freeze-dried) powder “cake' maybe

prepared based on the above solution. Preferred embodiments of the

IOVENND o rd VD ehpkesari e frethanfprm of a vial, an ampoule, or a
pre-filled syringe of either; a sterile solution; a sterile lyophilised
(freeze-dried) powder suitable for reconstitution; a sterile suspension or

|°C~SQ§S .parenteral drug delivery. In a further preferred embodiment of
Re-mvertion therapeutic formulations of the agents of the invention
suitable for topical administration may be prepared by mixing the

stance having_the desired degree of purity with optional physiologically
letj:?gpta Ig;)(;{zalrJj fer%‘%%?pi@%o aﬁﬂﬁé%% FrHiaBlFoFRESE IyBRRilRe it in the
rdierdgoptilised powder formulations, non-agqueous or aqueous solutions,
non-aqueous or aqueous dispersions/suspensions, including emulsions
and semi-solid formulations. Acceptable carriers, including excipients, are
iibh:gyintpaigoipiethis atetberbidsagemo-oleate (Tween™ 80).

It will be readily appreciated by the skilled person that a lydphﬂised (freeze-dried)

powder ‘cake’ may be prepared based on the above solution.

Preferred embodiments of the invention may be presented in the form of a vial, an
ampoule, or a pre-filled syringe of either; a sterile solution; a sterile lyophilised
(freeze-dried) powder suitable for reconstitution; a sterile suspension or any other

pharmaceutically acceptable form of presentation suited to localised parenteral drug

delivery.

In a further preferred embodiment of the invention therapeutic formulations of the
agents of the invention suitable for topical administration may be prepared by mixing
the substance having the desired degree of purity with optional physiologically
acceptable catriers, excipients or stabilisers in the form of lyophilised or mon-
lyophilised powder formulations, non-aqueous or aquéous solutions, non-aqueous or
aqueous dispersions/suspensions, including emulsions and semi-solid formulations.
Acceptable carriers, including excipients, are non-foxic to récipients at the dosages

and concenirations employed, and include, but are not limited to, purified water,

b



and concentrations employed, and include, but are not limited to, purified
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phosphate-buffered saline (PBS) Ringer's solution, Ringer's-lactate _

solution, dextrose solutions, dextrose/salne solution, hydro-alcoholic

solutions, glucose, sucrose, dextran, mannose, mannitol, maltose,

sorbitol, polyethylene glycol (PEG), propylene glycol (PG), phosphates,

atdiatehpsphredolfieyed salee BB D BATMNB Eoﬁﬁmﬂr[ﬁhlg@’ﬂ?ﬁct?tit solution,

vagetah hetic, Qi . \Waxes, anioni rfactants. such as fatty

a%id soa%s?%%ﬁgsguﬁa{?é&;?é%r%%u I@&?g%atgg?%%t%ﬁgozﬁrfé}g %‘f’s‘fg’ glucose,

sHeF S dlRyitprmampnsssomdaniiolertimoss; qoaioianobyeingsne glycol (PEG),

NQN-INMI f le itan esters or polyethgxyate -
B R el SR p o™ (o7
oSddedaeld @@@ike\!@ﬁ@hhagndd@ﬁihﬁébwimmda@ﬂbapmmsswﬁ&@&s such as
ili , antigxidapt iz-microbials and buffering agents, for
o B N AT SRS ST st soeh o
aPisHl TR, Saepiedety hyattixy ,tomqnetgaiaﬂy,aaﬁmalc@fram' (lsbtm_ @githnts, for
li mulsi r Intment bases useful in formulation
e 8 P Lty copolymers of
olt I@?@a@ﬁé@n@@nﬂﬂmm&m@kﬂ@iImnmm(m%m@@ﬁdonally
Ppivemusibing Brekasaren) sasle BXORIRIS: AN SIS MREL o0 bufforing
formulations for topical delivery may inclu eaerosoﬁs,agan ages, an
otBER O Mg s aralivelyeind wnsdjdndonybratelomenbapsatatehydroxy
they; ' i IORA-aSUkabl lymer matrix or
Ko A L AT R SR
Ut RS AN oFTSA Iah RifBRcA Ars Bsausaik drbéoanleithmimay include aqueous-

Phasnaseiticahoemuialion epmale i éﬁ@ﬁ%‘@r@%ﬂg’&% L%{Eéilc?ntiso water-in-

for_topical administration of the present invention, in addition to the active

irfHe HEVRRenE AGTHER BEng el IRRTsg 851 B ne s asbeal Bgldrdwyrogels, and

celbliise, G Ordrfunitiohd 200 Yo GRIRRPPL AR EMIBE 30001 CBandages, and
Co%%i)’%ggnd dressings. Alternatively one may incorporate or encapsulate the

therapeutic compound of the invention in a suitable polymer matrix or membrane,

thus providing a sustained-release delivery device suitable for placement on, or

implantation near, the site to be treated.

A pharmaceutical formulation example of a2 semi-solid hydrogel formulation for

topical administration of the present invention, in addition to the active ingredient/s,

may include the following:

0.1% w/v to 2.0% w/v hydroxy cellulose, and

0.1% wiv to 1.0% w/v Carbopol 934™ (BF Goodrich Corp.), and
10 to 20% w/v propylene glycol, and

0.005% w/v to 0.020% w/v methyl paraben, and



10 to 20% wi/v propylene glycol, and 0.005% w/v to 0.020% w/v methyl
woPaighaapeand WO 2007/007098 PCT/G132006/002577 26 OROGH&m6 62577

0.020% w/v propyl paraben, and Sodium hydroxide or hydrochloric acid

g.s. ad pH 4 - 10 Purified water, g.s. ad,300% w/v Suitable compositions

for topical application in accordance with the invention (including those

compositions in which active agents in accordance with the invention are

formulated in the presence of maltose) may be presented in the form of a

bates®, i34 @ BBsyd W@rﬁ%%li%gﬁﬁé%ﬁéile solution; a sterile

lyophilised (freeze-dried) ed powder for reconstitution, a
sterile dispersion/suspension, a sterile semi-solid, or any other

PamRs Byl AG RPRNIEIRLOLRICSStpion syfled to topical drug

delivery. The agents in accordance with the invention may be provided on
a sterile dressing or patch, which may be used to cover a site of epithelial

damaesi iphe: treated: fovilkhe appreciated that the vehicle of the
composition comprising agents in accordance with the invention should

be one which is well tolerated by the patient and allows release of the

ag&ﬂéﬁ%t@ﬁ@@&ﬁ&ﬁt%ya{%ﬁgﬂ?%ﬁ%ﬁﬁ Vﬁﬁﬁl@c&dﬁ:{%{e@ the invention
~ biocompatible, biodegradeable, bioresorbable, bioresolveable and/or non-
i ﬁﬂﬂ%@?@%&ﬁfﬁsgﬁﬁaﬂ%seamﬁv@r@%@m@w@@@mwmbe invention

inwrerfignuResd Be teastdBeacd SRRV VS, TORJNEX ARt m of a bottle, a .

composi{iio'n may be géoplied in and/or around a site of epithelial damage

1P G BtReYaP retiiEr isitle Rl winnpa sifsiie dierblivg ffegae-dried) or
ancieijeiihifissitepotwpithelialdamansishen %ﬂe%}}?ﬁ%ﬁiﬁﬂ%mgm,, a sterile
acceptable vehicle will be one which is relatively "mild" i.e. a vehicle which
isseg?§§8 éiﬁb?&?b?&%%é?ﬁ%@?%?é’éfo%ﬁl@% foemLinfiareseatatipn suited to

Wp1280700d08&HCT/GB2006/002577

The agents in accordance with the invention may be provided on a sterile dressing or

patch, which may be used to cover a site of epithelial damage to be treated.

It will be appreciated that the vehicle of the composition coinprising agents in
accordance with the invention should be one which is well tolerated by the patient and
allows release of the agent to the site of epithelial damage. Such a vehicle is

preferably biocompatible, biodegradeable, bicresorbable, bioresolveable and/or non-

inflammatory.

Compositions comprising agents in accordance with the invention may be used in a
number of ways. Thus, for example, a composition may be applied in and/or around a
site of epithelial damage to regulate epithelial regeneration. If the composition is to
be applied to an “existing” site of epithelial daﬁlage, then the pharmaceutically
acceptable vehicle will be one which is relatively “mild” ie. a vehicle which is

biocompatible, biodegradable, bioresolvable and non-inflammatory.



27 An agent in accordance with the invention, or a nucleic acid encoding
WOS06H @8 ent, may be incorporated within a slow or delaye@¢al&di806/002577

device. Such devices may, for example, be placed on or inserted under

the skin and the agent or nucleic acid m&y be released over days, weeks

or even months. Such a device may be particularly useful for patients

BT o B I AR SR BPA A seect,
@awdmncaqnbmmﬂ:hvmbnuld malﬂmm&ae@meiﬁmnlsﬁfa&@ﬂ&agna for
Y,

dai |n|strat|0n other r ute y doses of an agent in
accor z%%eél n%e IVentic o?y% V& ?E %@P@BEB%H%? SiHrid may be

(@lgaaedaulvealdpys:aﬁedésfoa wpmahéamwlﬂtwm araxdadininieslignricularly useful
h e t|n cordance with the inyention may require

%ﬁ%ﬁgg{)ﬁ %f/?éq don ore SHNRELTAORAY SR ﬁﬂﬁ]fﬁ?ﬁ?é’regﬂﬂﬂﬂat@ge gevices
gAY rfetepasicdaite aﬂaynﬂagwsedztbemr awicte faptifakdaseseiieshagent iBgent or
aREQL ntion atien W|tho e.need to administer
repea%:aaé11 ?éses h’l onlg%?n tﬁ) Iep 2P érrﬂgc fisHRendp-e- at feast daily
adiministration b)‘fa‘rhagi@mtasb. accordance with the |nvent|on may be a

liquid and a suitable pharmaceutical composition would be in the form of

a solution. In another embodiment, the pharmaceutically acceptable -
Verilsledses sofi drangent Soitaisier dompositiothis ineretidormagf bepgdwaerot single
t%%{gﬁt gL e iy he agent in accordance with the invention

may be formulat % gns&)gq ’Q&?@éé & %grgn?acgo ica |f°acé§%\$’86|8fn%ﬁ%ﬁe§ﬁﬁ%?ﬁﬂ°ﬂ>

Arliemativeiy thendekntam an@md@loﬁ evitbriiorérsitiances wiohr enajtsistration

nts;. sol zer sus endln ents fillers,
%ﬁggﬁﬁf@ﬁ?ﬁﬁmg QH&? d?f% %r |§mf1egrat|ng 248 ?ilt%as? é gyjte may

gareldn @ﬁ@@égmanﬁ@lnﬁmmfmnmm atrenahiciexiitia theelyvention to a
divided s whichisinadambyte. 1%] Jinsly, divided agent in

accordance with the invention. In ta e agent in accordance with
the invention is mixed with a vehicle havmg the necessary compression

In one embodiment a pharmaceutical vehicle for administration of an agent in
accordance with the invention may be a liquid and a suitable pharmaceutical
composition would be in the form of a solution. In another embodiment, the
pharmaceutically acceptable vehicle is a solid and a suijtable composition is in the
form of a powder or tablet. In a further embodiment the agent in accordance with the

invention may be formulated as a part of a pharmaceutically acceptable transdermal
patch.

A solid vehicle can include one or more substances which may also act as flavoring
agents, lubricants, solubilizers, suspending agents, fillers, glidants, compressioﬁ aids,
binders or tablet-disintegrating agents; it can also be an encapsulating material. In
powders, the vehicle is a finely divided solid which is in admixture with the finely
divided agent in accordance with the invention. In tablets, the agent in accordance
with the invention is mixed with a vehicle having the necessary compression
properties in suitable proportions and compacted in the shape and size desired. The

powders and tablets preferably contain up to 99% of the agent in accordance with the



properties in suitable proportions and compacted in the shape and size
woasredrobihe powders and tablets preferably contain up to O®utud#2e06/002577
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invention. Suitable solid vehicles includegfor example, calcium phosphate,

magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin,

cellulose, polyvinylpyrrolidine, low melting waxes and ion exchange

réBHFEEORId %ﬂéﬁ?@%‘s fekid pachidesiniprbisiein§PsokkipBlesusplshuionphosphate,

e mbHIeRGmSYStiagat & iR aANshPERS SUHZRLCOMPARIONSTHE ARG cermutose,

accordance with the invention can be dissolved or suspen éd in a
pﬂﬁfﬂfﬁ’é’mgﬁf}’&&gﬁfaﬂ@%ma@ﬁ RIE KqeBshanefersias. organic
solvent, a mixture of both or pharmaceutically acceptable oils or fats. The
Iiguid vehicle can contain other suitable pharmaceutical additives such as

s SFUICIER A PE BSHER PR EIGANE OBty SEtRaRO TR RMIHEOnS, Syrups,

aglnis, ant ppeRdingagenipothiekeNMEAGRAISCAIBEaMREAR Y the invention can
r %u torf,F%éabilizers or osmo- regulators. Suitable examples of liquid
vehi

. S 01 lIquIG
SO SRPRAIEh A RBFRRRSF e Dirrsteriabineliqpisktaljcle such as
~ Containing agditivesvheah oviithgeColl bigseHletiaR RIS table oils or
S egtium..,ggrlbox meth)é} cellulose solution), alcohols (including monohydric
a?cosholls and POVRANE SFEbABKAE. GUNH CBIE A dhRERagsRbsth addigigs such as
oﬂsi@:}@zefsgctmmﬂ@icobuﬁajﬁ,amgwmbi_ils;eﬂ). Eﬁ?ﬁmﬁrﬁieltvciriug - agents,
a ration, the vehicle can also be an oily ester such as ethyl gleate
a%ggé% %%ﬁ?%ﬁé%‘%’%&%%&ﬁ RIS SR BRI s SFBiggrpior osmo-
forgnbtenp oSiitald don pansnsarbliquidinibivdiofor it diguiskmehisle ﬁ@ﬁmﬁstration
p ' itians.can.be a halpgenated hydrocarbon other, . .
LR T e R e I T
cBirfsoiio pedivic agbe xsterith d aleficlos coraduispep sieoh daribeludiitiz egbbyhydric
fo &R [ =ulay, intrathecal .epidural, infraperjtoneal, .
intrad_erm%fl?%rggu cuta#e%{ﬁéqlr}]r%c%gh .gg'fg?l 'é sag)lﬁkjt%ﬁ% (“f{aeﬁ] Yﬁgg Fp 2nd oils (e.g.
afiAvineried capemverid usly armditspichlly Fyr gevestirabralinapptioalitie vehicle
bglgwiah [ i occlusi ressing. .The agent in accordance .. .
with the ir%ce%;gaﬁm%f/ég egap?rheﬁg)g %%yvgg(?ggf% LAY Isoprogﬁ myns%eﬁe. gterﬁe Iquid
vehicles are useful in sterile liquid form compositions for parenteral administration.
The liquid vehicle for pressurized compositions can be a halogenated hydrocarbon or

other pharmaceutically acceptable propellant.

Liquid pharmaceutical compositions which are sterile solutions or suspensions can be
utilized by for example, intramuscular, intrathecal, épidural, intraperitoneal,
intradermal or subcutaneous injection. Sterile solutions can also be administered
intravenously and topically by aerosol spray or application below an occlusive or semi
occlusive dressing. The agent in accordance with the invention may be prepared as a
sterile solid composition e.g. by freeze drying or lyophilisation which may be
dissolved or suspended at the time of administration using sterile water, saline, or
other appropriate sterile injectable medium. Vehicles are intended to include

necessary and inert binders, suspending agents, 1ubric£ants, flavorants, sweeteners,

preservatives, dyes, and coatings.



sterile solid composition e.g. by freeze drying or lyophilisation which may

wdPRdigeaed or suspended at the time of administration usingstegilSaos/n02577

water, saline, or other appropriate sterile injectable medium. Vehicles are
intended to include necessary and inert,ginders, suspending agents,

lubricants, flavorants, sweeteners, preservatives, dyes, and coatings. WO
2007/007098 PCT/GB2006/002577 29 In the situation in which it is

désifieel stuatiministehih agendaisdcosdanciRisith dhcadaneniaBYdmRANGith the
0 ! ion, it will be.appreciated that the chosen agent will .
o e F RS e S0 PO G rosem agent will
dewEditiyrhdar ageampleithengintitachordanderadifidhe: inyeRieation. For
may. prefe ly not be a peptide, o not have peptide components. .
P B RS R R B e B aieh aeotid
usedorneédavieeptidontrofioieotamage to the corneal epithelium (cells
overlying the stromal cells of the cornea). Such damage may result from
trauma to the eye arising as a result of accidental injury (as considered
abevwsitann esgintd Sumpicaldapecatitthsthie igyiasRmsurg enytadhe be used for
COLRSA) %}I&&ﬁ% t sition or medicament in_ accordance with

the inve%ltion may %%lé:lat?%g%er%o c%llfl an Oerﬁgggr%)ﬁgﬂﬁfﬁghgﬁﬁf% & verlying the stromal
cepipafitibnsamasebe Guell futivzeoimsarathitifientarsheliavehihattherising as a
methedsraf.theJRyendi rably.be used in tissues, such asthe |
skin or scalp, withoutb‘stﬁorggg}%(é%ﬁs&.?3 fegge%ﬁ?g‘# a%%%?aaaﬁeg’gl \?VI %H@ma} operations
iHPethtiopemarErsusading aoarmge oftintesnalieites ofnepithbtial damedleament in
(ia%cg?@ﬁﬁzéi@ﬁ}?fﬂ?@w&ﬂk)&% ugring-within:the body, rather

than on an external surface). %ﬁ? %géa{r%ep%%e%ﬁc%m%sdﬁ%mpﬁs‘éfﬁgugh the
PR RtiREs sraANcawithithiGénmntartimayvsatiosbalates tert itlsatatibods of the
fohvisibh siles,eleilicial damage-rising i thedungs o other, ..
respiratory epithelia. Known procedlf?gs%’s%% a% 'fh%s%l%é’ﬁvsé:%%r‘fgﬁ]f/out siromal

effipfoyed by the pharmaceutical industry (e.g. in vivo experimentation,
clinical trials etc), may be used to establish

Agents in accordance with the invention may be used in a range of “internal” sites of
epithelial damage (i.c. those sites of epithelial damage occurring within the body,
rather than on an exiernal surface). Thus for example, medicaments comprising
agents in accordance with the invention may be formulated for inhalation for use in

sites of epithelial damage arising in the lungs or other respiratory epithelia.

Known procedures, such as those conventionally employed by the pharmaceutical
industry (e.g. in vivo experimentation, clinical trials etc), may be used to establish
specific formulations of compositions comprising agents in accordance with the
invention and precise therapeutic regimes for administration of such compositions

(such as daily doses of the active agent and the frequency of administration).

Generally, compositions comprising agents in accordance with the invention should
be formulated such that when administered to a site of epithelial damage a
concentration of the agent of between of between 0.01nM and 10mM per cm® or

linear cm is achieved at the site. Preferably, compositions comprising agents in



specific formulations of compositions comprising agents in accordance
woMtgABegswvention and precise therapeutic regimes for adminggttatigmed oo2s77

such compositions (such as daily doses of the active agent and the

frequency of administration). Generally, gompositions comprising agents

in accordance with the invention should be formulated such that when

administered to a site of epithelial damage a concentration of the agent of

ba¢tFRIBANSE BERhaba Ovaihm ahelld dfperdatdicudngart erhds athieieered to a
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copmaTigeddents siiaeomitmdtmpgei v eutisanstatioll bf fesmagtatiedctween
syahihal,when ipjstered. fte.of epithelial damage a
concentration oﬁﬁg%%%%t e%v%%r?gg.lgr?%%gx d4"6[ B?et%?'cmz or linear
cm is achieved at the site. Purely by way of example an injectable solution

c {0 I 00ng/100gl of an agent in
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té@@@igélQﬂ%ﬂfmmé@@@mmmmmmmaﬁﬁdﬁtﬁg@ﬁmimbze
agEnipReERITR e e Wl i invRuiRa. RIS Ja piamels, epithelia
regeneration depends upon the factors discusse ahove as well as upon
the size of the site of epithelial damage to be treated. Typically the

ARUREAD ALY RGEO | jByen ired for the
‘treatment of sitg of gpi?hgl?a%%%{}ncglg\g%ﬁ%%%%ﬁ%'ﬁ%gga&#g%géfloa%&fnﬁ pgommote
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Agents in accordance with the invention may be Used to promote epitheli
rB5ERRS AL bR SmutREeE g Esd der dhhbreagenn el Aftepithelielydamage
theilsesyithethbe saEMEHERRENS o606 BYaRiARMAeA6%ikar om per 24

cgmbination ith other
outs

» aepending upon the area of the site of epithelial damage amongst several other

factors.

Agents in accordance with the invention may be used to promote epithelial
regeneration as a monotherapy (i.e. use of the agent alone). Alternatively the uses,
methods or medicaments of the invention may be used in combination with other
compounds or treatments able to promote epithelial regeneration. For example thé
uses, methods or medicaments of the invention may be used in combination with
dressings (which may include gauzes, synthetic composite membranes and/or
transparent films, any of which may optionally be impregnated with anti-infective
agents, alginates, hydrocolloids or honey), artificial skin (such as artificial skin
generated from an individual’s own epidermis, or commercially available equivalents)

or ointments (such as those comprising silver-based anti-infective compounds). Two

examples of commercially available artificial skins suitable for use in combination

with the methods, uses or medicaments of the invention are available under the names

- Apligraf (Grafiskin) and Dermagraft.



compounds or treatments able to promote epithelial regeneration. For

wEXMegtke uses, methods or medicaments of the inventionghayiRovs/v02577

used in combination with dressings (which may include gauzes, synthetic
composite membranes and/or transparejjt films, any of which may
optionally be impregnated with anti-infective agents, alginates,
hydrocolloids or honey), artificial skin (such as artificial skin generated
from an individual's own epidermis, or commercially available equivalents)

omantReN teeHesas thAse Camprsing gilver ‘pa%?d anti- |Er#fectlve

compounds). Two examples of commerC|aIImava DI85 el Gihde for use in
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Bt IhadichHen &f spmbinstionibarapicaloeshitaniédvedise in
combination with other conventional or developmental therapies. The'
f wmc% aragraphs contemplate examples of such therapies, and make

ereh BB NESinRELELAS FromrRting 81 dbmblontish werapiesintayles (and
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heali mq % articularly the heallnﬁqof burns and skin ulcers) it may

preferred tt r%lﬁjee‘?ﬁ B8 Gt ivbhefebridite memlorﬂuitable
V\nﬂmﬂﬁlwdlflgmbmmtswﬂ@ﬁlﬁxmaﬂmﬁ%@m@%%@%ﬂ%ﬂﬁe (Smith &

elqzé\g1 ic.a %nts h as collagenase (Smith & Nephew), chemic

agents, gUrglcenﬁ hEE Seiralonerbminehl agravis @ gbishegjgat agents e.g.
tivenggnt. tdtepyatively or additionally, when promoting epithelial

regeneration in wound healing it may be preferred to combine the uses,
methods or medicaments of the invention with lytic peptides such as

cﬂmmﬁrh@sa@ﬁnwaﬂjm&Wh@ﬁom@fﬁéﬁﬁ’gt%ﬁtﬁ@@?%%‘éﬂermo in wound

nge. es thereb g lysis qof the cells. An example of a suitable

cytéﬁé)%%an for tis€ n?l co%ﬂg? Af RSy the st omethods cadmsdisathents of the
Biondiin, witicitic peptides such as cytoporins, These peptides may incorporate into
biological cell membranes thereby causing lysis of the cells. An example of a suitable

cytoporin for use in combination therapy is HB-107 (produced by Helix BioMedix,
Inc).

Epithelial regeneration in wound healing (particularly of diabetics), epidermolysis
bullosa and ocular diseases (including comeal wound bealing) may be promoted by
the use of thymosin beta-4 in combination with the uses, methods and medicaments of
the invention. A recombinant form of thymosin beta-4 suitable for such use is
produced by RegeneRx Biopharmaceuticals Inc.

Another agent suitable for use in éombination therapy with the uses, methods or
medicaments of the invention for the promotion of epithelial regeneration associated
with wound healing and disorders of the skin such as ulcers is Pimilprost. This
compound is a stable analogue of Prostaglandin I1, and has biological activity as both

an inhibitor of platelet aggregation and a vasodilator. Pimilprost suitable for use in



Epithelial regeneration in wound healing (particularly of diabetics),
woepghannelysis bullosa and ocular diseases (including corneatauogadoos/oo2577
healing) may be promoted by the use of thymosin beta-4 in combination
with the uses, methods and medicamenig of the invention. A recombinant
form of thymosin beta-4 suitable for such use is produced by RegeneRx
Biopharmaceuticals Inc. Another agent suitable for use in combination
tHerapipelian thethuwsclaistbd uscor nmetididamehtsedi thedntemigrbiosthaned from
PrRRUe A epithelial Legqneratipn associated with wound healing and
disorders of the skin such as ulcers is Pimilprost. This compound is a
stable analogue of Prostaglandin 11, and has biological activity as both
apiphibiter, I g ilator, Pimilprost sujtahle
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pPBHiGRb{ciareensipllaaivhl ableSeamniatrss Pharthavmdicamdnts) of the
invention with mast cell degranulation inhibitors such as amlexanox
(commercially available from Access Pharmaceuticals, Inc.). Regeneration

oR efitiantdaffagadhn woliersediin voasda heslitteofodiabeticresult of diabetic
cosnplisations rﬁ@_{:aé%bﬁepﬁ&ﬁ&%@dbwhﬁlé%ﬁiﬁﬁﬁ%ﬂ&s%viﬁyenté‘e?&?ds and

and medicaments according to the present invention with heat shoc

pPotdifiess e aenoidyns thdat BRSER! ot aRdtEbreeaishodiopialein-70 (FISP-70)
PoeduaR ity BigrsteiReaRRIEAAN G RRVRIORM N, G Qe dERIE ﬁ%&%ﬁ Research and

preferred example of a HSP inducer suitable for use in such combination

r#éf‘r& PIRCRt G-+ BIERRB A enal el ptibn i Rsedasesseitad affer use in
limieg ebtiteaiosnakiraffpr example in the case of re-epithelialisation to

promote healing of stomach ulcers), the epidermis, and corneal

epithelium it may be preferred to combine the uses, methods and

nisdickmenisoaidhepieial isyentianonith MelrRQsiRanaRgues 2BE stomach

(for example in the case of re-epithelialisation to promote healing of stomach ulcers),

the epidermis, and corneal epithelium it may be preferred to combine the uses,
methods and medicaments of the present invention with melanostatin analogues able
to accelerate tissue regeneration. An example of a suitable analogue of this sort is

Alaptid, which is available commercially from VUFB.

Another agent that may be advantageously used in combination with the uses,
methods and medicaments of the invention is the enzyme heparinase iH. Such
combinations may preferabiy be used to promote epithelial regeneration associated
with wound healing and the treatment of exterior ulcers (particularly diabetic ulcers).
A suitable form of heparinase III for use in such combinations is produced by IBEX

Technologies, Inc. under the designation IBT-9302.

The uses, methods and medicaments of the invention may additionally or alternatively
be used in combination with the synthetic thrombin peptidomimetic Chrysalin
produced by Chrysalis BioTechnology, Inc. Such combinations may be preferred for



to accelerate tissue regeneration. An example of a suitable analogue of

wdbigserigss Alaptid, which is available commercially from VURBrAfSiRI002577
agent that may be advantageously used in combination with the uses,
methods and medicaments of the invenjion is the enzyme heparinase lIl.
Such combinations may preferably be used to promote epithelial
regeneration associated with wound healing and the treatment of exterior
ulee B qpiien|aflprithbbcragoers)tion suitakile 66 rminf hiem_mn;@aﬁﬂg %&1 diabetic
L@@éﬁ’%&ﬂgg RAUANS, 18,59 (?d by IBEX Technologies, Inc. under
the designation IBT-9302. The l%s%e% methods and medicaments of the
invention may additionally or alternatively be used in combination with the
syRdeieddiemBinpaRtdaimetic, Cavsalin produced by Chrysali
BioTechnology, Inci.9 Such _co%binaﬁﬁsaﬁm%f 8%;:?% er%géyﬂ f&F \%‘6y Be effected by
260 48t 008 T/ BRedEmnasY pI3thehmpeotimtiin cbepitheiial with PV-707,
regenelatianassosies vith weype ﬂ%?ﬁ!i %@%}‘J@Rﬁf ulcers, . . -
particularly diabetic fo%st}| ulcers. The pro gﬁ%n of epit eiﬁgﬁorlé%%orifé?%ttion at
sites of burn damage may be effected by the uses, methods or

rPestiesoants Qi e:iIeRYRNJREOM NSRRIt LY-707, manufactured
b Grong‘ Ltd. PV-707 is gégeptide growth factor agoé%%%“;l%rpo%uﬁngf may be

RASIST r&ge st attsh ff worihetie debydarmimdyastermienmybete (DHEAS) in

antsteddy #ithuse eksyniheticidahVORERIanMRRIone SHIIAS, 4 form of
(ﬁ%%ﬁﬁ%sfz %ombmatlon with the uses, methods and medicaments of the
[ )

fhir ST Eicsplinks sumanidsised by dhrmadigm Inc. under
rMiemifaetdibddy, Pharmadigm Inc. under the name PB-005. Epithelial
regeneration in the treatment of dermatological disease and wound
healing may be promoted by the uses, methods or medicaments of the

iBpéhtitial iregenmbinationithensembirarHRmosHR: éi%&é@%d@&%%ﬁr healing

rgi%onl)beinant hug; lactoferrin is manufactured by Agennix Inc. Ano
combination the é%?pgw HILSSy tRethestnotorreedipmments refdherdtvention in

combination with recombinant lactoferrin, A suitable form of recombinant human

lactoferrin is manufactured by Agennix Inc.

Another combination therapy suitable for the promotion of epithelial regeneration
associated with the wound healing’response lies in the combination of the uses,
methods or medicaments of the invention with the prox}ision of free
deoxyribonucleosides. A suitable source of such deoxyribonucleosides is provided by
PN-105, which comprises an equiweight mixture of these molecules in gel base and
is manufactured by Wellstat Therapeutics Corp.

There exists a range of methods and compositions designed to improve or auginent
epithelial regeneration that utilise growth factors other than TGF-P3. It will be

appreciated that the uses, methods or medicaments of the invention may also be used

in combination with these existing treatments. The following paragraphs provide -

further guidance as to how the present invention may be used in combination with
other growth factor-based treatments, -



associated with the wound healing response lies in the combination of the

wouses/ecaTethods or medicaments of the invention with the proySBaRHlge2577

deoxyribonucleosides. A suitable source of such deoxyribonucleosides is
provided by PN-105, which comprises aa equiweight mixture of these
molecules in a gel base and is manufactured by Wellstat Therapeutics
Cr%oﬁrg There exists a range of methods and compositions designed to
impro
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medicaments qf the invention may also be used “in combination with thes
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g}ra?#%%tor- ased treatments. WO 2007/007098 PCT/GB2006/002577

& HEREIRUIP nRidRIMREHY sracrientdiiamipsewoarlindamage.
chminipddionr wishenrbets:fihs HuaitagtarowithfacterfeRbRMYade burns,
For %rg%ance ét%g pregﬁeg invention may be used in combination with

B PELAEE: AP RTIMBTOHION Secthesuslesrnigtpliding: non-healing ulcers
nvechicandéttsiiofiherinuedbonbimih FEEFEMaRhe PRGNS RISHEEIR: PGP-
té‘e,%%riy%%on &)f egitheli regeneration following wound damagie. )

kampies of Wo T SRET HHAt in S BRRIRET SR SO BIAIR). A suitable
irshudplbwhisFGiak doiabisités: aRd Ghrapie ¥amRISRHCIAS YIA8Siment of the
(including non-healing ulcers, such as diapetic ulcers or decubiti). The
FGE 1&5&%&%%?8&%%@’{%%8}{%5 nf}f:%??—’{c?l(rFGF-Z) and more
preferably recombinant human FGF-2 (rhFGF-2). A suitable example of
rEGE;2 suitable for use in accardance with this embodiment of the )
T Mo T e R ———
fisroiblastigrowithf dotondamilycthat maydbm etieshienSOFTHRAERPMIEH RS promote

et and medi f.the.invention o promote epithelial

A B e e et S s o
K@E’z%)t@mm ttre regenerdtion of efiithdiin datagbdas siaBUBOkounding,
Vﬁgﬂﬂﬁm&ions of the dermal healing process (such as skin ulcers), diseases such as
oral mucositis or ulcerative colitis, or gastrointestinal epithelial damage such as that -
occurring in Crohn’s disease. A suitable form of FGF-10 suitable for use in
combination with the uses, methods or medicaments of the invention is produced by

Human Genome Sciences, Inc. under the name Repifermin.

The uses, methods and medicaments of the invention may also be used in combination
with members of the platelet derived growth factor (PDGF) family. For ekample, the
combination of the uses, methods or medicaments of the invention with PDGF-B may
be of use in promoting epithelial regeneration in wound healing, and particularly the
healing of burns wounds or diabetic foot ulcers. In one preferred embodiment of such
combinations the PDGF-B to be used may preferably be delivered by means of an
adenoviral vector. Selective Genetics, Inc. produces a suitable example of such an

adenoviral vector under the name AAPDGF-B/GAM.



complications of the dermal healing process (such as skin ulcers),
wodiseasessuch as oral mucositis or ulcerative colitis, or gastrpirgstisalsoo2577

epithelial damage such as that occurring in Crohn's disease. A suitable

form of FGF-10 suitable for use in combination with the uses, methods or

medicaments of the invention is produced by Human Genome Sciences,

Inc. under the name Repifermin. The uses, methods and medicaments of.
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combination of the uses, methods or _medlcame
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healing, and particularly the healing of bums wounds or diabetic foot
‘u,g_‘eﬁrs. In one preferred embodiment of such combinations the PDGF-B to
b R hayiss. qenthadudymnéisnsoitanfabienpxintioresten. cytokine
Seleblives GRRENEs, 1B GRIP I GES R SHEARE le of such an i
adencc)gliral vector under the na%ne AdP C_EF?gﬁgg%?%&ggﬁo%b’ﬁgwbmaﬁom
PEYICH2666R56289 Psab inmstrar bus spiéhelmbirgaeratiiises thpouseso injury,
rethagebEpeEiRAMRNiEo LiRerimealion iR GBI gﬁe% Wit PRGEBB.
%Sgg(amépje,of PDGF-BB which may be used in suc a? %o%ﬁlng?ié%l%% 7 bowee
S&rdtatly afhi B FHFHE narfle Rigbihexantidecomsination hitiitor is

commer

UsesgpiathD dS1OF- [Hoscamenteal thee paRn ML XSl Qﬁﬁﬂﬂ&‘%i%? Sduced by
I%%Qeﬁste&to gr&nﬁgte %thellal regeneration. Such combinations
may, ;tor e }ﬁﬁf FERTY- epithelial regeneration in

response to injury, or to treat epithelial damage occurring as a result of

{ as jrrifable bowel disease (BD) or Crohn's disease. A
e S P oo Seh A ot N oy e provided in

Sprhirsiguanifh pdraponeid/ARK in Hiditernsesiuead £yivide PiSowste inhibitors
e BERIGRRSaE) Aqet secerns o helpvenn nay T
&BIEH0 InhisicptioensinbittiviyoRroteagernpibitass MAMIRG)CHASEROR N es of
epAIRALPARAL SARBIATL Ol R Al Yoy Sh R Seutrophil efastase, matrix
metalloproteinases, plasminogen activators (for example urokinase plasminogen
activator or tissue plasminogen activator), plasmin, cathepsins, furin, and members of
the “a disintegrin and a metalloproteinase” family such as ADAM or ADAM-TS.

Suitable protease inhibitors may include peptide, protein, or small molecule
inhibitors,

It Wiﬂ be appreciated that TGF-s, its fragments, derivatives and variants, as well as
agenis capable of increasing the biological activity of TGF-B; may represent
favourable agents to be administered by techniques involving cellular expression of
nucleic acid sequences encoding such molecules. Such methods of cellular
expression are particularly suitable for medical use in which the thefapeutic effects of
the polypeptides, derivatives and analogues are required over a prolonged period, for
example in contexts where it is desirable to augment over a period of time an

otherwise defective epithelial regeneration response,



ability to selectively inhibit proteases (or protease families) present at sites

woahemiheisal damage. Proteases to be inhibited may include peutamzhde/002577

elastase, matrix metalloproteinases, plasminogen activators (for example

urokinase plasminogen activator or tissgge plasminogen activator),

plasmin, cathepsins, Turin, and members of the "a disintegrin and a
tallaproteinase” family such as ADAM or ADAM-TS. Suitable protease

VHORCYS A, HEGRRS oaUGuD SHeAais, agesin i FReRscanee WAIDitbroineifon fo o

belappiediated sl GEHRS sl AR RLS SRHYAMESARLYAANIS A frout to
well.as agents capable of increasing the biological activity of TGF-(33
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irvelvinfpwelijarbexpies sion piuntblgisacld SRGUSNLEHEAREING SUSN ivo. The

%@ les. Such methods fcgllular expression are particularly suitable
for medical 148 W RAh B eE fowmbes Srareponshtaeisde:

derivativgs andegeloghies inreraeaicadayeleairelonged period, for
exampl%\j}; cogf?xts whi)re it.is, desirable to augment over a period of time
se dé

an othemui PR SithBiRs 8KERStion response. WO

2007/00#098 MRIIdEE 2006/ MRAbHH 30 Mapydn et RetBods Qlacellular matrix
nilnlﬁterlngt.??gents in accg\rijance with the invention to a  relevant

magec R AFOTARAVPTRR G dvantage that it can be difficult to

amagecf ggl
achieve sustained levels of the agent at the site of epithelial damage over
t ourse of even a few days because many suitable agents may have : .
sﬁort ﬁ_rart[i’f(-)ﬁ\e/’eéEL SRR ST HheCn Aifalv St tlecRyBRYehdamseshisalias aced to be
radiestofad asersitbichvisidlielend hRagtos pHov I REOLRRIESARR NS mprising
|I‘J_§l%. aggggl%ag%rgce Y. Iﬁndlfﬁ’g %ote ns. (iii) Binding and inhibition of agen
activity by extracéiiiar matix” S ssrda e helont YrdnEelisles are
Farfssivho reragettsustorto Eem%l@ﬁm&,emmeét%bqamaa% h}gﬁh%@&é‘&me or
t . gm@sere ip a suitable vehicle and are often provided as a
C%l%%‘c% tionécér%%gr{lsﬁr% sstorage of in use?. owWever, i‘g can often be diffienlt to
provide a satisfactory vehicle for delivering agents to a tissue to be treated.

A convenient way in which these problems can be obviated or mitigated is to provide
a therapeutically effective amount of an agent in accordance with the invention at a

site of epithelial damage by means of gene therapy.

According to a fifth aspect of the present invention there is provided a delivery system
for use in 2 gene therapy technique, said delivery system comprising a DNA molecule
encoding for an agent in accordance with the invention, said DNA molecule being

capable of being transcribed to lead to the expression of the chosen agent.

According to a sixth aspect of the present invention there is provided the use of a
delivery system as defined in the preceding paragraph for use in the manufacture of a

medicament for use in the promotion of epithelial regeneration,

According to a seventh aspect of the present invention there is provided a method of

promoting epithelial regeneration, the method comprising administering to a patient in



the active agent and the vehicle. As discussed further below, such

woveliigliaseese preferably non-inflammatory, biocompatible, bigresatipallenors77

and must not degrade or inactivate the agent (in storage or in use).
However, it can often be difficult to provigde a satisfactory vehicle for
delivering agents to a tissue to be treated. A convenient way in which
these problems can be obviated or mitigated is to provide a

tREpal ieamcakechoenmbolipriitdgentimantofdadebwithdfigem as defined
inventionst @Spgi&a{gftgpm%%gmage by means of gene therapy.

According to a fifth aspect of the present invention there is provided a
delivery system for use in a gene therapy technique, said delivery system

COMmPESING ALY i r.an agent in accordance with the
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tecacsexenihasReskobiaarmsenisventiondhers s, arovided a method of

promoting epithelial regeneration, the method comprising aéﬁlﬁﬁri%ttlgrr'fnsrt%mmg
é‘ﬁé‘ﬂ@ht}% [2007/007098 PCT/GB2006/002577 37 need of treatment
a therapeutically effective-amount of a delivery system as defined for the
fifth aspect of the invention. Due to the degeneracy of the genetic code, it
|§15If@9£’£ﬁglc}ﬁ%léﬂt eRagedies venests of cbdirdageritsisuitableHoritigeninequence

acesancaiibibe.ineplonaay e yallss v changed without . .
substarm affecting the sequence ofa;(il}[eé E?rlé%dﬁ%(foé%%gg éé“ﬂ%eﬂr%ﬁ qgid within
PPGViER S0in hiBhBIaei rRélericlen potddtabomstshic ageinhsuitahle ferhaving
useriblogeaordanes i inveRlionnustastain the epithelial '
regeneration promoting%ivit of TGF-%3§;S§U%]5&%%%%%%%% %Wg&%gwmm
FEaHE s o subitgiomesdifavmy eodens drtcemitreatbynthe acid with a
suhsitatiopreldifiesRbaodens Rt ANcede 0e Same.amip gu%cs:ﬁdmvtvelg? D produce
a conservative change. For example small non-polar, hydrophobic amine acids
mclude glycine, alanine, leucine, isoleucine, valine, proline, and methionine. Large
non-polar, hydrophobic amino acids include phenylalanine, tryptophan and tyrosine.
The polar neutral amino acids include serine, threonine, cysteine, asparagine and
glutamine. The positively charged (basic) amino acids include Iysine, arginine and
histidine. The negatively charged (acidic) amino acids include aspartic acid and
glutamic acid, |

The delivery systems according to the invention are highly suitable for achieving
sustained levels of an agent in accordance with the invention at a site of epithelial
datmage over a longer period of time than is possible for most conventional delivery
systems. Agents in accordance »with the invention suitable for promoting epithelial
regeneration may be continuously expressed from cells at the site of epithelial damage
that have been transformed with the DNA molecule disclosed in the fifth aspect of the

mvention. Therefore, even if the agent in accordance with the invention has a very



the sequence, thus producing a silent change. Other suitable variants are

- wothasadeing homologous nucleotide sequences but comprigiag/aik2086/002577
portions of, sequence which are altered by the substitution of different
codons that encode an amino acid with @ side chain of similar biophysical
properties to the amino acid it substitutes, to produce a conservative
Cc arflﬁeki Fémexample small non-polar, hydrophobic amino acids include
givemhetalfalitfic e tBiRe, ReamRsatirea a I fées3ioninamenatmethidnegirirgeay be
nenpalatshydipphekiciamineasidedsiids phenylalanine, tryptophan
and tyrosine. The polar neutral amino acids include serine, threonine,
cysteine, asparagine and glutamine. The positively charged (basic) amino

deidhénalocke tisideliasgininaand histidinentibe ﬁﬁg%ié’%%&*}@r%@ifie the DﬁA

(%?oitijeig Iar(éing Cid?f infﬁlude aspartic acid and g%:utamic acid. The delivery
systems acCordifg 18 Hhe IRTRRr e Ay Unihs e wsnenlayifiput the need to
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epitheli amage over.a longer erio{g of fime than is possible for most
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suitable for promoting epithelial regeneration may be continuously

expressed from cells at the site of epithelial damage that have been
T S U o ks Do cR el is capsbie
inféntineXivesetoroyleveth dekhage sy ieactordariaewit IoaipyYeatipr: produce
has,34en 7/007098 PCT/GB2006/ Oé%?? 38 short half-life in
vivo%gt%grlglp:ée%%cgé) ycgf%é%v%ea%n%et? M gno]zv%gha Fi?t}ﬁeﬁf iSRS A vity for
axprested fithahd regendtaissue Hufilieenhre woenstalivent SHSterdREINSr gene
igyention M. o provide the DNA molecyle (and.thereby the |

a}gjg#lég}in accor§a8n%§esev%}ﬁ1r glfﬁ%iaﬁ%lgﬁ%'w%ﬁ85?%03%@33%6%@6%3%““03' By .
condiseribriaristaeamtivutibalveticlosfamte asitsromitegbit ointBEnRISs (c. g.
Qs %69159§&n§t£r?e t ith the site of epithelial damage. The .. .
delivery system of téée}nérﬁéésg%ttﬁ,ﬁ{/éﬁ%hnolns 9 O'Eﬁg?tﬁ% ‘Tffﬁﬂg fefatGiaetive for
dapaIsiang ppéhel axpassssdignhen the delivery system is administered to

a patient) to produce

The DNA molecule may be contained within a suitable vector to form a recombinant
vector. The vector may for example be a plasmid, cosmid or phage. Such recombinant

vectors are highly useful in the delivery systems of the invention for transforming cells
with the DNA molecule. ’

Recombinant vectors may also include other fimctional elements. For instance,
recombinant vectors may be designed such that the vector will autonomously replicate in
the nucleus of the cell. In this case, elements which induce DNA replicatibn may be
required in the recomi)inant vecior. Altematively the recomﬁinant vector may be
designed such that the vector and recombinant DNA molecule iﬁtegrates into the
genome of a cell. In this case DNA sequences which favour targeted integration (e.g. by
homologous recombination) are desirable. Recombinant vect;)rs may also have DNA

coding for genes that may be used as selectable markers in the cloning process.



an agent in accordance with the invention which directly or indirectly has
woaetviéy7fes promoting epithelial regeneration. By "directly" weamegzthhainozs77

the product of gene expression per se has the required activity for

promoting epithelial regeneration. By "gwdirectly” we mean that the

product of gene expression undergoes or mediates (e:g. as an enzyme)

aﬁl}east ong, further reaction to provide an active agent effective for

Y
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vetbiassisiiakie yaeiak t@éggfg@ recombinant vector. The vector may for
example be a plasmid, cosmid or phage. Such recombinant vectors are

highly useful in the delivery systems of the invention for transforming cells
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ta%ete integration (e.g. by homologous recombination) are

RECSHBInD: §B GRS FRBPATSIP v & seesdfirglior lgenésathatsitrap bepithelial

ubethgs selretahledyarker dinis doRaE PRRFesS JNRRA07
%CTI.GI?%%(I)%OOZSY? 3? 'é’,h recom9binant vge9ctor may also fuoritghzt(agrl?ls unstable or
e

comprise & BrofBETbHe BriaiehRels Exphessibieer rirgeieated. Tn this
reguairet] roshheiOINA erplesiitn May KBUERaH BbaL e ARRWRICRF the DNA

bec%%rgl?es&%otrgoraﬁ%m the DNA %f cells of the subject being treated.
Unditterentiated ceieh ‘i/tﬁaéi%%*mﬁ FalsBfe dineaiprsenads ottt dideally
ofgeribtisadly Mapititid] daugiyehaalisenMrenithis isghRaass, regulation of
expression in the subject may be required e.g. with specific transcription

factors, gene activators or more preferably with inducible promoters which

tﬁ_ﬁs@_lb@m&gm mapgponak:tthe BYakApREIRALY JoMnd Rt &38R it being
?E&g}ﬁg?a!ted in a vector. For instance, the DNA molecule may be iﬁcozporated within
a liposome or virus particle. Alternatively the “naked” DNA molecule may be

inserted into a subject’s cells by a svitable means e. g. direct endocytotic uptake.

The DNA molecule may be transferred to the cells of a subject to be treated by
transfection, infection, microinjection, cell fusion, protoplast fusion or ballistic
bombardment. For example, transfer may be by ballistic transfection with coated gold
particles, liposomes containing the DNA molecule, viral vectors (e.g. adenovirus) and
means of providing direct DNA uptake (e.g. endocytosis) by application of plasmid
DNA directly to a site of epithelial damage topically or by injection.

The agent in accordance with the invention expressed from the DNA molecule may

be one which directly or indirectly up-regulates TGF-f; expression and/or activity,

thereby promoting epithelial regeneration.



damage. Alternatively, the delivery system may be designed to favour

woustaklear transient transformation of differentiated cells in fersuiesd 002577

being treated. In this instance, regulation of expression may be less
important because expression of the DNA molecule will stop when the
transformed cells die or stop expressing the protein (ideally when the site
of epithelial damage has been effectively regenerated). The delivery
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topically or by injection. The agent in accordance with the invention

expressed from the DNA molecule may "be one which directly or indirectly

UPelRgAH dsabnFbd &P | Vi, ther, motin
e itheliaﬁ%genergtion. W%%%%%/%%%%?%%@%B%%&%% ?Nti}l#er natural or
BHal sEpiesHoRnmaN Redyseitilintedkmctbichynanbeingitivmastblial cells
cellulas edpecssionof auAGRM IRdsCOranee WIIARIENTRD. WIIRD colls
ay then. promote epithelial regeneration. Such therapeutic expression o
Al

Lapreesicedanie thdrnases amiforcaenmplaeiyrinteadsimgous or

nadyratyuecepiting AXREZRSION AR BAGH @ﬁl%‘?‘%@@ﬁ&?tgfal&e agent in
ex reé%‘on of Efturally occurring agent such as TGF-(33), or by

iRCIETG Tl FF SXprRLSOR Bt Rfeatrstnd & cwiersetion of HBREB! by cells in
expréssipnbyoaelts tith do-Reithakwalbegiesd GRAEeh & i gggﬁgnoted. For

over-ei( ression of the agent. |
example, n the case where'it is wished to promote epidermal regeneration the agent in

accordance with the invention may be expressed by . cells located in the dermis

underlying or surrounding the damaged epithelium.

It will be appreciated that cells that are to be introduced therapeutically to promote
epithelial regeneration may be manipulated ex vivo such that they express increased
levels of an agent in accordance with the invention, and then introduced into the
damaged area. As outlined above such cells may themselves be epithelial cells, or
may be cells which are situated sufficiently closely to the damaged epithelium that the
agent expressed by the cells is able to promote the desired epithelial regeneration.
The celis may preferably be celis cultured ex vivo for use in the preparation or
manufacture of artificial skin or skin substitates. The cells may more preferably be

autologous cells, although it will be appreciated that any suitable cells may be used.

Accordingly, in a eighth aspect of the invention, there is provided a medicament

comprising any relevant cell type (for example epithelial, macrophage, monocyte,



Cellular expression of the agent in accordance with the invention, whether
wonmivadmesunnatural expression, may be by epithelial cells, vwtiThGBryde2s77
existing epithelial cells at the edge of the damaged area, or may
alternatively be epithelial cells therapeugjcally introduced into the
damaged area (for example cultured endogenous or exogenous epithelial
cells). Alternatively cellular expression of the agent in accordance with-
tHeinbbstiomdethebel effetted dojloxpréssidricottipecay entapyrialisaccordance with
p{gé(&gpé@édﬁriﬁ%ﬁﬁghwith the epithelium regeneration of which is to be
promoted. For example, in the case where it is wished to promote
epidermal regeneration the agent in accordance with the invention may
b , | rmi lyi r supraunding ..
e o L S e M L S B 8tion may
irtfBsice dyhaegreuttaiktemprovgoeds dpfibetisingedbnesalionandy beeans of the
i Vi ' a ent .
e o o O bt i
apseerAansaiinddlxbovetBielsistlssprajsthbthedivestisnepithelial cells, or
may be cells which are situated sufficiently closely to the damaged
epithelium that the agent expressed by the cells is able to promote the
desired epithelial regeneration. The cells may preferably be cells cultured ,
A SiHpeAtRRArtaner BaReia ALAHICRRIAY SR timiting
substitutes. The cells may more preferably be autologous cells, although

it%ﬁ%@%ﬁpb%éa&e(ﬁ?ﬁ%@ﬁyl stinsbricsdis pTaypE arsel sribebliragigndration by
apighi), 38peEiRbinRJOUGRIRNITNGKR IS RIS @g'ﬁﬁﬂ%?tes that TGE-;

comprising any relevant cell type (for example epithelial, macrophage,

nidrbkyte Prooto eribetsoegeaT /G SR o0pI0bE Siickagskirabiastkin wounds.
endothelial or stem cells) induced to express an agent in accordance with
the present invention. The induction of cellular expression of an agent in
addsrHamEpRateivicoribernsenmpayystedtizirdy imsdiehof external signals
influencing the cells, or by means of the incorporation in the cells of

nucleic acids causing the expression of the agent in
Figure 1, illusirates:

i) photographs, taken at time-points three and seven days post-wounding,

illustrating the macroscopic appearance of the full thickness human

wounds during epithelial regeneration; and
1) micrographs from the same time-points illustrating the histology of the
damaged sites during epithelial regeneration.

Figure 1 shows examples of macroscopic and histological images of wounds treated

with 50ng/100uL TGFPB3, Placebo or standard care. The results are shown at 3 and 7

days post-wounding.

Specifically, panels A and B respectively show macroscopic and microscopic

appearance of TGF-83 treated wounds three days post-wounding. Analysis of the

histological image reveals 54% re-epithelialisation.



accordance with the fourth to sixth aspects of the invention. The present

wonerienwill further be described in the following non-limitinge ExagRSoh2s77
and 2. Example I illustrates the promotion of epithelial regeneration by

TGF-(33 of full thickness human skin wounds, while Example 2 illustrates
that TGF-f 33 is able to promote epitheﬁ%l regeneration in partial
thickness human skin wounds. The Examples refer to the accompanying

Fighgs. ¢ yhich: EiguseJilllusries dphRiegiarhs: tRkeR aldine Rpiittnce of
three and seven days post-wounding, illustrating the macrosco

aplresbarieeist tnevudstHiesh dassraplyowelings Aoalygie phites grli(s:toiogical image

regengLation rangiiN-migsagraphs from the same time-points illustrating
the histology of the damaged sites during epithelial regeneration. Figure 1

shows examples of macroscopic and histological images of wounds

treated withRORo/LoH=RO3InBlIrcahrBE&pRdad CatercERepieSHliScattnce of

shown at 3 and 7 days post-wounding. Specifically, panels A,andgﬁ ) .
SRR S IR AEPHRES S S iR e B BN dippe AtARREIS O e Psfological

traated wobdsdbee danenastaternding. Analysis of the histological
image reveals 54% re-epithelialisation. WO 2007/007098

PCT/GB2006/002577 42 Panels C and D respectively show macroscopic

and RIS OSLANIC RpReBRANC IR wolaseRedssRied WalndstiieapieyBance of TGE-
post-woufrigiin . Apalysis of the histological.image reveals 20%, . o
S RSO PAIR B PP B CBO0I ey SABR ot SR Jpclpeical image
misteskopioappepidrtaitftssandard care treated wounds three days '
post-wounding. Analysis of the histological image reveals 19%

re-epithelialisation. Panels G and H respectively show macroscopic and
- mMitiededpicdapprepeaticd pEHGFA8raatied welndsseveicdgysarance of placebo

p%éé%%%gﬁg $ 'sb‘er\]%h/ 5[353,99 ];)t(bs @8&%'891'&"" IA@&%?S%S of the histological image reveals

100% re-epithelialisation. -

Panels K and L respectively show macroscopic and microscopic appearance of
standard care treated wounds seven days post-wounding. Analysis of the hjstolbgical

image reveals 100% re-epithelialisation.

Figure 2, illusirates the comparison between mean percentage re-epithelialisation
achieved in TGF-P; treated and unireated/placebo-treated wounds at days three and
seven post-injury. Resﬁits shown are for re-epithelialisation of wounds treated with
50ng/100ul TGFR3, Placebo or Standard Care at 3 and 7 Days Post-Wounding.
Results were produced by image analysis of histological sections. * Indicates a

significant result as assessed by unpaired t-test (p=0.05).

Figure 3, shows photographs illustrating the macroscopic appearance, and thercby
progression of epithelial regeneration, in partial thickness skin wounds over 21 days
from the time of injury.



reveals 100% re-epithelialisation. Panels | and J respectively show
WOmerostypic and microscopic appearance of placebo treate ®EGRAGG/062577

seven days post-wounding. Analysis of the histological image reveals

100% re-epithelialisation. Panels K and 45 respectively show macroscopic

and microscopic appearance of standard care treated wounds seven

days post-wounding. Analysis of the histological image reveals 100%

réapith&lididadon Bigwlecebittsitme sithendsmpatiye i bbtiedndméas 15 and 21

pfefsﬁ?é&ﬁ%{e F&'&Qﬁjz@' a8 %S%X(?&M%Gfaﬁ%ﬂ%ﬁ% %nds on days 0, 1,

untreated/placebo-treated wounds at days three and seven post-injury. .

Rbsults $hdwid and fdrnesnspitielialisation of wounds treated with

50ngl1100.iL TGF(33, Placebo or Standard Care at 3 and 7 Days

Post-Wounding. Results were produced by image analysis of histological

sections. * Indicates a significant result as assessed by unpaired t-test

(§70,000p@yre 3, shows photographs illustrating the macroscopic

appearance, and thereby progression of epithelial regeneration, in partial

tHidkerds o kirKirBumpnl Rovapi e kirkjsn fiampfid wimmendf whi pidvu@ss Wounds

2 : 49%5( 4 I | sshow th ..
p%%ge@g?t?e%eﬁle%czv%%%r? jé) %g days %%:f%gﬁ%l% %‘%{gﬁl and Bf‘%ﬁaken’ ComprsE
résgestvesyalpiiopniitab P anets FIVIR sy tive MSmO3-wéatpidevoahdismage to
0 . 4 7 2 Cli AMPLE 1. Effects of
PR e Salifhaf oo BB T P M b G R erm
Phasgibstudiiasidéy iveapEthmatCamanittebiappirayal svabaufctbitikemd standard
c risi 0s alating first in man (EIM). study in instances of. .
D R A S B RN IR Sl S BIA R Shoical satety,
TEeR@Badmysistere phyimcakdestival miéclioral Thimshatpdyasmidoofhedpeated,
as a double blind, placebo(vehicle) a ard care controlled,
R S S RS ST mate volunteer
subjects aged 18-45 years (Study and Protocol Reference Number: RN1001-319-

1001-001).

A total of seventy two subjects were planned in the study, with planned doses of TGF-
Bs (and perfectly -matching placebos) being 50ng/100uL, 100ng/100uL,
500ng/100pL, 1000ng/100pL, 10pg/100nL and 100pg/100uL.,

The data from the study was entered into a Regulatory cdmpliant database that was
locked on the 8% December 2003 and the study un-blinded (i.e., randomisation codes
released) on the 19™ December 2003,

All subjects in the study received two full thickness 3mm punch biopsies to each of
their two arms and standard care to all of their wounds. Standard care provided
optimal care for moist wound healing in all cases. In addition to this for the pair of
wounds in each subject’s amms, wounds received TGF-B; versus TGF-Bs placebo,
TGF-B3 versus nothing (denoted as standard care) or TGF-f; placebo versus nothing
(standard care). The design of the study was such that comparisons of the effects of
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toleration, systemic pharmacokinetics and local pharmacodynamics of

repeated 9escalating concentrations of intradermal TGF-(33 in Caucasian
e%?gﬁg}'?\qaﬁe volunteer subjects aged 18-45 years (Study anb PGB Ee002577

Reference Number: RN1001-319- 1001—4001). A total of seventy two
subjects were planned in the study, with 6Ianned doses of TGF- (33 (and
perfectly . matching placebos) being 50ng/100L, 100ng/100xL,

50aagHHARILoA00MEAI00L H0gHOA N AO0U(ANL  The daia fiomthe
stu?ﬁ/ was. entered intfo a Regulatory compliant database that was: locked > 1€
of the! ?ﬁlbﬁ‘ggﬁﬂfe 6O Aa1RRIStudy un-blinded (i.e., randomisation

codes released) on the 19th December 2003. All subjects in the study

réBeivVECTuf ol thitkipessdmre A1BETDIgRSIBSHP RacHAMLBRILINPG A"BRP and
aggn%f'glanne%agg %lr% rt% aléof_ their wounds, Standard care provided optimal .
or Mt B RANAY FreaNtHS e B HaEH B tasthrsi by tidutedrtoforovide

care

woreritiSeth seiile syhigptis formarsmaunds feeeiyas ik G G3dve 2bHin manufactured
TgF gg)pl?ﬁg%% d'IE'lGé:-gSB versus nothing (denoted as standard care) or :
TR P84 &R BRIG RisAueRRcERtt e aE sy AuST thésthsecss of

placebov

wasisudiiution conipargaiiedMbE-pifesieab Ve Q0700 (R98 1k drug substance.
P T/tgeB%C}(ﬁ)G{OOZSW 44 treatments on wounds could be made both
within and betwaeh SBjEEER s inbditintaceaaeat tHensown kahtibls safety /

ThécEGe (@Xniliedsug sibEipneenmed RS StV WaRMAAYACINED Bacebos
GM %pd contaiﬁe[d % id and.alcohol as exci&:ents. This matérial was

P
serially aitted 1o provida. pretiiistrdribishringe dhoplaebuerniained excipients
Injealionatetheositaly: (éigay buau PCRYSdAa GlY it Ak daif gl &Lﬁ?%lag-lson of
eé%lplglgl c&ggf%[{&tlé)n%vaged due to the process of serial dilution to the
requited TOFTSETHEXIGReA8SE MBRITHE Hik aleipstbseinenstrals tvbether the
effeipicoftiesaseiaiplentast stifereéfeancantations on both the safety /

toleration and effects on healing in man were not known, perfectly
matched placebos were also prepared to GMP in the same fashion (i.e.,

tAbpiaothdesontainedwkcihietsubjects in each dose group had two punch biopsies
made on each arm which had been treated with either TGF-33, placebo or standard
care as described above. For each subject’s arm the two biopsy sites were marked on
the inner aspect and under local anaesthesia TGF-B3, placebo or nothing (standard
care} was intradermally injected info the site. A 3mm full thickness punch biopsy was
then taken from each of the marked sites. On the day after wounding the sites were
then tgeated aga:in; as above, with the same treatment i.e., TGF-B3, placebo or nothing
(standard care) under local anaesthesia. The wounds were then excised on either day 3
or day 7 post-wounding for histology, to enable analysis of the effects of treatment on
wound healing at 3 and 7 days following the initial punch biopsies. The subjects were

then followed-up. Safety and toleration data were collected thronghout the sfudy.

The wounds were excised, histologically processed into paraffin wax blocks, ﬁssue
sections cut and then analysed for re-epithelialisation using image analysis, A total of
36 wounds were generated in this way for each dose group such that a total of 16

wounds were treated with TGF-B3, 10 wounds with placebo and 10 wounds with



at equivalent concentrations but not TGF-03 protein). This also allowed

C | of the perfectly matched placebos to standard care alone, to
Wod%%%%%tﬁ}% e whether the excipients themselves had any adverse” gﬁ{g}g{{}t}zSW
on healing. The study design was such that 9 subjects in each dose group
had two punch biopsies made on each#ann which had been treated with

either TGF-P3, placebo or standard care as described above. For each

subject's arm the two bigpsy sites e marked on the jnner aspect and
A A S5 PG5 IO Br QMR ARG CLcmfieat ot two
iniffiche rmnidithe-ipjéatepoisitor thmdite, Br 3stlfigl dhickabssspunch biopsy was

then taken from each of the marked sites. On the day after wounding the

sites were then treated again, as above, with the same treatment i.e.,

TGFEBY plaeebd oonatking (hiertdartdeatnd)wndelsicod dnstesthediaare treated
The wounds were then excised on.either day 3 or day 7 post-wounding
f&%‘%lg}é‘i}?ﬂ? %%1‘%%2 gﬂgf)}‘é?s %rﬁilfh% effects of treatment on wound .
healicy-at 3endd dayadqllovwihgthe initatpunctrdiopsies Fhadubjests treated
were then follqwed-up. Safety and toleration data were collected

tRFOUR oGt THE ﬁb&y%ﬁgﬁhg{?ﬁ‘& Were excised, histologically processed

into paraffin wax blocks, tissue sections cut and then analysed for
re-epithelialisation using image.analysis, A total of, 36 wounds were
oL BRI Frag e B e <o anor et PR H plontated
wereditaied thitfiolIGHRH8 Ipbxdounds with placebo and 10 wounds with
WO 2007/007098 PCT/GB2006/002577 45 standard care. This resulted
in the following wound numbers per treatment at two different time-points
psterapithaingifotitisto (pofidalvanaly SisnSBE F-(R8-wpitheHalenthiouhd diameter)
pl o treated w_ounds and 5 standard care treated wounds e)E&ﬂ%chﬁ}nd diameter
ay 3 post-wounding. 8 TGF-(33 treated wounds, 5 placebo treate
wounds and 5 standard care treated wounds excised at day 7
post-wounding. The percentage re-epithelialisation at sites of epidermal
damage was calculated according to the following formula:
Results. ‘

Acceleration of Re-epithelialisation in Fuall Thickness Wounds in Humans by
TGE-Bs. ’

Progression of epidermal regeneration in full thickness human wounds is illustrated in
Figure 1, which includes: '

iii)  Photographs, taken at time-points three and seven days post-wounding,
illustrating the macroscopic appearance of the full thiclcness wounds
during epithelial regeneration; and

iv) micrographs from the same time-points illustrating the histology of the

damaged sites during epithelial regeneration.

Analysis of histological sections demonstrated that equivalent re-epithelialisation of
wounds occurred in placebo and standard care control treated wounds at both time
points post-wounding and as such these groups were combined to compare to TGF-f33

treated wounds.



% re-epithelialisation = (total wound diameter - non-epithelialised wound

W di%%te% X100 total wound diameter Results. Acceleration of
0Fge-eplqtﬁeﬁalisation in Full Thickness Wounds in Humans by Pﬂ‘ﬁ?gg?ﬁ/ﬂﬂ%ﬂ
Progression of epidermal regeneration i£|6full thickness human wounds is
illustrated in Figure 1, which includes: iii) Photographs, taken at

time-points three and seven days post-wounding, illustrating the

MiacAnSBOPieAIRSARREROf tdh@tfqibfﬁﬂsm%aﬁﬂ\é!ﬂk‘%@‘%ﬂ‘t%[tls%fﬁé%%?‘%"womds is

regeneration; and iv) micrographs from the same time-poi ustra(flng
tR8 Risto RISy SRR Hshinl egeniraatiourinepdinthéniateegstibratiornt Ahelgsislermis
ofeltotbgical thecispsiemenstidies ibal LlMAlERL IS gpithelialisation of

wounds occurred in placebo and standard care control treated wounds at
both time points post-wounding and as such these groups were combined

t@loorapdte 46 Tafmt831 HRAIBSWMaUNT Q

Pca/qés?ﬁooes/oozgl%é? 46 It can be see%%%%%é%ggée%t at TOE.(sBereentage re-
{FEATRHLBHAR dR B dreptedomaantseatpiintsoromiotatepittslials at days three
rageneratipnstieggling to reconstitution of the epidermis earlier than is the

case in untreated or placebo-treated wounds. The results of Example 1

are shown in Figure 2, which compares mean percentage re-

apifheliaisatianin Te&034repie r Iplagepo-treated wounds,
at days three _az_rc]ilsevgn post-injﬂzr%.ggri%g?ee‘g&c eaqu%%i?l %trageﬁé ﬁg)gtcentra’?mn of
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rerated wadRd Jesgnithelialisati hen campargd to . o
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RABAHRIPGF-B; at up to (500ng/1004L). |

EXAMPLE 2.

Effects of TGF-f; on Re-epithelialisation of Human Partial Thickness Wounds /
Skin Graft Donor Sites

A pi’lot study (non-blinded) was carried out under local Ethical Committee approval,
to investigate the effects of intra-dermal and topical applications of TGF-Bs when
applied to split thickness skin graft donor sites in two healthy Caucasian male human
volunteer subjects aged 18-45 years. The concentration of TGF-B; used was
50ng/100pI, and the rate of epithelial regeneration achieved was compared to a
perfectly matched TGF-B3 placebo at the equivalent concentration. Both the TGE-;

and placebo were prepared to GMP as described above,

The donor sites were firstly identified and marked out on each side of the midline on
the lower back, each measuring 1.5 by 2cm, and then infiltrated with local anaesthetic
containing 1 in 200,000 adrenalin. FEach site then received an intradermal injection
such that one side received TGF-Bg at a dose of 50ng/cm? and the other side received

perfectly matched piacebo.'Subjects t:hen rested in the prone position for 30 minutes
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receiving TGF-(33 at up to (500ng/I00fiL). EXAMPLE 2. Effects of
TGE-(33 on Re-epithelialisation of Human Partial Thickness Wounds

/
EEN EHDonor Sites A pilot study (non-blinded) was carrie§ oGk 002577

local Ethical Committee approval, to investigate the effects of intra-dermal
and topical applications of TGF-(33 wheH applied to split thickness skin
graft donor sites in two healthy Caucasian male human volunteer

Slbfetd.A0ErdBihatyBALSS JhE: (RREEPIRRUANRILE %ée%/ %‘é’ﬂ%tegvgg %‘Ic’arvef,:geéi from

50n /10F(I) , and the rate of epithelial regeneration ac was compda
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ab@/eﬂgﬁg onor sites were firstly identified and mar e%aé%t%%lg%c %}ilggtwn of
' midhn b aRNEa Hersehstrhgszes byddm, sbiktheischarged.
irfiltiRtad \ittaar alanagsthetic, CAMa gL ).000 adrenalin. Each
site then received an intrade?rmal injection s%c??%%%%ﬁg%a%r%g%i%%ﬂ TGF-Bs
TER P85 N dblebrsohglesss easdl wevstherasitted dbeivee perantyt i.e., three
rapighed piaeeeSpbiscis-thensasiad. rope pesition for 30 .
minutes WO _2007/0%5;098 PC észégg%{%\o&c?z%gg“}%f? SRSy vere then reviewed
b idlaieRs B BriweHeRkpsiariskh s siin ydaftweadthanvesieehfrimiow-up,
each of the marked sites, with haemostasis being achieved with gentle
pressure. Immediately following graft harvest each donor site was given a
t 4t-%ipplication of either TGF-03 or placebo the wounds were then '
diesere:ans the RUNIBHIURRRAIAGH oS Bl faihenextdayand
had a further topical aspplication of either 'IJ!%??R@%% g%e%{)glslﬁcﬁ thixt %y Craft
aEﬁ(glﬁﬁgét@dErﬁWBﬁWrbﬁgﬁﬂ'ﬁae same treatment, i.e., three

avIRdigatiops ehdl Rk applications.of plagebo. Subjects were
then re\tli%ﬂviv%ed o%%’g%%%gg??%%%é%&& |§le%rﬁ|oe ang %ﬁéeﬁl Foteqgpstiated
\ﬂ?ﬁ‘i‘ stibEsBucmarsraiyupscrlectits: thecatoratigivnf BE-epithetialisatigmefation,

Fiaialibbioknens YYounds: SiRSalt partial thickness skin graft donor sites, as

compared to the rate occurring in placebo ireated controls, up to day 8 post-wounding.

Figure 3, which shows photographs Hlustrating the macroscopic a}ﬁpearance, and
thereby progression of epithelial regeneration, in partial thickness skin wounds over

21 days from the time of injury. Photographs demonstrating the promotion of

epithelial regeneration are marked with an asterisk {*} in Figure 3.

It can be observed that at days 15 and 21 post-wounding the difference between TGE-

B3 treated and unireated/placebo-treated wound is less clear macroscopically. This

. effect is explained by the fact that TGF-; treated sites are totally re-epithelialised on

or before day 8, while the placebo treated sites only reach the same degree of re-
epithelialisation at around day 15. |



Donor Sites in Humans by TGF-03. Macroscopic analysis, assessed using

hotographs of the damaged sites, demonstrated that TGF-(33 markedly
WOZUEIEYEY the promotion of epidermal regeneration, increagi/ 2194002577

of re-epithelialisation at partial thickness skin graft donor sites, as
compared to the rate occurring in placei% treated controls, up to day 8
post-wounding.  Figure 3, which shows photographs illustrating the

NEONEINI ORREAIRNOSHANE S y progression of epithelial
regeneration, in partial thickneéss's ounds over 21 days from the time
oﬁ%ﬂ GRMBHRGLHY 6 emprisiRalindamenstormtioh ospegiftvaliminber of the TGE-
regeRaration e, markedwith.an asterisk ) in Figure. 3. It € . ..
observed that a%da_\ys 15 aril;_d 21 pos%—woure;%zﬁrr{\3 ki 5ér‘c'g|1ﬁ‘1é‘re';|;ces g@éﬁé%?‘? in direct
TRORIAE3 e dhabavhich terrelsilbalppeaiioviedbdpentni igilesigiest the prior art,
NIRROSROPICAINJdiS gifectis explajned by the fact tl%h T Gﬁ treated . |
sites a?ei totally rea-epitheltl%lis{e%ggﬁegr%go%éegzbfﬁ, Whi etﬁg ?;éef%”ly inhibit
1o SO0 pe T CaO T 48 CONGL ey ving the
(EXAE/?PLES%%%% quﬁ?ea}tgguﬁgoggi;SOut OVE LGl ethelidrageneration
theauglsbeltfic etrabnedttive RGRIIRFamilycH&Ed33, HsBbig tARERRQtewounds
itheli gneration. This finding is in direct, contrast to that which the
RSO ok REhoot i e, Sies preiibusrat donor
refsoits Taveheuggetitedthet membeissoiihesbabeBiamiy phiblment utilising
re %neraﬂ)?]g %IP%?(]? §pldermls in skin wounds, with the TGF-(33 isoform
beng the g t Htliﬁ’rfig’rf’oﬁ‘%\“’t‘i’]?ﬁ%cess. The promotion of epithelial
regeneration brought about by treatment with TGF-33 is achieved in both
full thick ess wounds and partial thickness wounds (which may, for
instance, serve as skin graft donor sites). The therapeutic effects in
RHUPRERISIBIE observed in TGF-(33 treatment utilising doses up to
%OQ%}OOHL of the active agent. APPENDIX
01 ations.

Details of the formulations used in clinical studies to establish the ability of agents

having TGF-B3 activity to promote epithelial regeneration are provided under the
following headings.

TGF-B; drug substance used in the studies was supplied at a concentration of
9.1mg/mL in 20mM acetic acid and 20% isopropyl alcohol. This material was serially
diluted to produce syringes containing TGF-B; at the concentrations stated in the
exemplar data. It will be appreciated by the skilled person that, irrespective of the
further diluents used to produce the final solutions, trace levels of acetic acid and

isopropyl alcohol will be carried through.by serial dilution.

Al Formulations used in treatment of punch biopsy ( full thickness dermal
wounds)

For the punch biopsy / full thickness wound studies the drug substance was diluted in
PBS containing 5% w/v mannitol, and adjusted to pH 3.8 using acetic acid. This

formulation was found to be effective in the promotion of epithelial regeneration.



Formulations. Details of the formulations used in clinical. studies to
WOestgl,fb(l}igh the ability of agents having TGF-03 activity to promote %githelg?olozm';
r%%eﬁe?gﬂ%n are provided under the following headings. TGIE-(@ &ZL(}&
substance used in the studies was supp i9ed at a concentration of 9.

Img/mL in 20mM acetic acid and 20% isopropyl alcohol. This material was
serially diluted to produce syringes containing TGF-N3 at the

concentrations stated in the exemplar data. It will be appreciated by the

S iIIedgge:gonatpat, irrespective of the further diluents used to produce the
final CBILLoHS ArEtats adhsraamtitolbes eh o rawlbpy darsobef whb e a maltose-

Chariebifthraulghdayserabeilution. fahﬁ%rmﬁae@' BRSOl LEgat -
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chmtalrting:aasdinaamitehandadisRiaP i3S s NaRCs RS T NS tudies
f%ryéjrk%ﬂon as_found to be effective in the promotion of epithelial

régenerat r\gWZW?%"?O Bt B 658 0l st AbByaimyspated with
am@rmmweﬁcmmmmmadﬁmwﬁt@n@@w&@ﬁ%ﬁ}@@yest@dmlag%qwﬂed
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baﬁgd formulation escrib%% igore fully below) was also prepared. T

formulation of Agentatr abenras MRETHER HettiuRtsH | aifoRawiugars,

rmadtospanasisuiprsingkyscfaund oMo aicaliyradise mainassociated
with injection of the composition. Studies undertaken by the inventors
demonstrated clinically that the pain associated with injection of the

rramifitokbalsed fofitholetfondp tidipunaltdiopayestudy WasEYAEH formulations

j rdance with, the invention were formulated, in the )
\gfea%%%f ﬁﬁgﬁg@%&gﬁ]ﬁ%ﬁ%ﬁr CtTar in the PrESSHeRLE UG RS active agents in

dsreslatetionishothmditvegian iitreoantatysisrofithie effitacy ofdbestigation using an
makosesk gn;an itgl-ha: [ ions revealed a further )
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surprising advantage of the com e
ARHBHAIR With theeind@albninisesabinatiotutivith realtoseralay egtig afien maltose

YSIAABon results in approximately a 4-fold increase in TGF-B; activity .

A2. Formulations used in treatment of split thickness skin grajft donor Sites:
For this study TGF-B; was formulated in 0.25M maltose (ie., 90g maltose per litre of

water for injection; equivalent to 9% (w/v) maltose in water for injection).

This formulation was applied both intradermally and topically to promote epithelial

regeneration.



ELISA assay and a Mink Lung Epithelial Cell assay to compare the
PBS/mannitol formulation with the 0.25M maltose formulation
WRER AL tes that the maltose formulation results in approxiﬁ%%%%lmﬁ/ 002577
4-fold increase in TGF-(33 activity. A2. Fgrmulations used in treatment of
split thiclaiess shin graft donor sites: Forthis study TGF-03 was
formulated in 0.25M maltose (i.e., 90g maltose per litre of water for
INEEHMR EfdIvEent to 9% (w/v) maltose in water for injection). This
fq&mrlélﬁtion ag applied both intradermally and topically to promote
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and/or healthy human patient. 2. The use according to claim 1, wherein

t%ﬁ@%‘ﬁi%} -10%& 3. The cordin aim 1, wherein the agent is

a fragment. egrfi\?a IVé’O %&o&%ﬁ,%aun&er fg, gurger I\/J\{\E/{, Dawson CJ; Heinle JA,
Ocheltree IM. Split-thickness skin graft donor site care: a quantitative synthesis of the
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variant of TGF-133. 4. The use according to claim 1, wherein the agent is
a substance able to promote and/or mimic the biological activity of
TGF-(33. 5. The use according to an?ione of claims 1 to 4, wherein the
epidermal regeneration is at a site of an acute wound. 6. The use

cording to any preceding claim, wherein the medicament is for the

aims. . : e .
promotion of epidermal regeneration after injury. 7. The use according to
claim 6, heKerem ahe@grathexinens-farasiyipronidtiomrofagside ahamedicament
rRYanReratiemaiter sUigetkrBall kesseraesording iolinsddrheritdheruman
%g@eq{y comprises epithelial grafting. 9. The use according to claim 8,

herein the surgery comprises: i) epithelial graft removal; ii) optionally
meshing of the epithelial graft; and iii) application of the graft to a
recipiembsitee Hacdideng se dwieoidingieialainadeniersBrtie medicament
is for administration to the graft donor site. 11. The use according to claim
8, wherein the medicament is for administration to the graft recipient site.

> 12 PR&TREGXUBIHNG fPERY ot BRIFHE B98N Wh & ERpTRES uFgHKgtive o
campnisgsT GKuB.grafting. 13. The use according to claim 12, wherein the
skin graft is a full thickness skin graft. 14. The use according to claim 12,
vg_fhereinl_%he skin graft is a partial thickness . skin graft. 15. The use Ny
ac’cordingetoua%ya R dHh Oc%ﬁ}ﬁ‘, WhTSHPiR e PRe e Bn S 5P e able to
remetianefepidein bt regioasa Bohviitel bt fajury.

5. The use according to any one of ciaims 1 to 4, wherein the epidermal
regeneration is at a site of an acute wound.

8. The use according to any preceding ciaim, wherein the medicament is for the
promotion of epidermal regeneration after injury.

7. The use according to claim 6, wherein the medicament is for the promotion
of epidermal regeneration after surgery.

8. The use according fo claim 7, wherein the surgery comprises epithelial
grafting.
9. The use according to claim 8, wherein the surgery comprises:

i} epithelial graft removal,

ii) optionaily meshing of the epithelial graft; and
ii)  application of the graft to a recipient site.

10, The use according to claim 8, wherein the medicament is for administration
to the graft donor site.

11.  The use according o claim 8, wherein the medicament is for administration
to the graft recipient site.



16. The use according to any preceding claim, wherein the medicament is
for topical application. 17. The use ording to any one of claims 1 to 16,
wherein the medicament is for local injection. 18. The use according to
any one of claims 1 to 16, wherein the medicament is a cream or
ointment. 19. The use according to any preceding claim, wherein the
promotion of epidermal regeneration is prophylactic promotion. 20. The
Uge actbedilng asemgiontocinylainckine 4 & fot thdgepirationgehacomprises
raadigaampgt to accelerate normal epidermal regeneration. 21. The use
according to any preceding claim, wherein the agent is formulated In the
presence of maltose. 53 22. The use according to claim 21, wherein the

Mraltosé PREKITCERIR0 B ARkRtA O BEYRERR BIINrafidsa hthiglisss skin
2BafThe use according to claim 22, wherein the maltose is present at a
concentration of 0.25M maltose.

14.  The use according to ciaim 12, wherein the skin graft is a partial thickness

skin graft.

15.  The use according to any preceding claim, wherein the medicament is for the
promotion of epidermal regeneration after burn injury.

16. The use according to any preceding claim, wherein the medicament is for
topical application.

17.  The use according to any one of claims 1 to 16, wherein the medicament is
for local injection.

18.  The use according to any one of claims 1 to 18, wherein the medicament is
a cream ot gintmeant,

19.  The use according to any preceding claim, wherein the promotion of epidermal
regeneration is prophylactic promotion.

20.  The use according to any one of claims 1 to 19 for the preparation of a
medicament to accelerate normal epidermal regeneration.

21.  The use according to any preceding claim, wherein the agent is formulated
in the presence of maliose.
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22, The use according to claim 21, wherein the maltose is present at a
conceniration between 0.1M and 0.4M maltose

23. The use according to claim 22, wherein the maltose is present at a
concentration of 0.25M maltose.



